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Though the following pages are chiefly ia- 
tended for students, it is trusted that the pro- 
^eat will find them a useful compendium of 
Chemistry. 

The arrangement of the materials- differs 
from that sanctioned by our best elementary 
writeni, but it has been adopted in consequence 
of some years' experience of its advantages in 
teaching the principles of the science. 

In tlie first chapter, the leading facts con- 
nected with the general laws of chemical 
changes are discussed under the separate 
heads of Attraction, Heat, and Electricity. 
The second chapter relates to the properties 
of Radiant Matter* and its influence upon 
the composition of bodies. In the third and 
fourth chapters I have detailed the sources 
and properties of the Simple Supporters of 
Combustion* and of the Elementary Acidtfia- 
ble Substances, and their mutual combinations. 
The fifth cJiapter contains an account of (he 



Metals, and of their compounds with the 
bodies previously described, and with each 
other. 

The sixth chapter embraces such details re- 
specting the Assay and Analysis of Metallife- 
rous Compounds, as are necessarily omitted 
under the individual history of the metals: in 
this division of the book I have availed myself 
largely of the invaluable analytical labours of 
Klaproth, and have selected from other sources' 
such instances as I conceived best adapted to 
assist the student in acquiring correct notions 
of this department of chemical study ; the pro- 
cesses detailed have, with few exceptions, been' 
submitted to the test of experimental repetition 
in the laboratory of the Royal Institution, and 
those wliich have not been thus verified, are 
drawn from sources of the highest autliority. 

In the seventh chapter I have aimed at a' 
succinct description of the means of analyzing 
mineral waters, and as their examination is 
frequently desirable where the conveniences 
of a regular laboratory are not attainable, I 
have subjoined a short account of the tests 
and apparatus required In this branch of re- 
search. 

" Upon the subject of analysis in general, the 
student will find inexhaustible information in 
the writings of Klaproth, and in the Essays of 




Vauquelin ; the former have only been in part 
translated into the English language ; and the 
latter are scattered through various periodical 
publications, especially the Journal des Mines, 
and the Annates de Chimie. The last thirty 
volumes of the Philosophical Transactions are 
also rich in detached essays, by our most emi- 
nent chemists, illustrative of the art of ana- 
lysis. A judicious selection from these sources 
upon an extended scale, would be truly valua- 
ble to the practical chemist, and would mate- 
rially contribute to facilitate the progress of 
our analytical inquiries. 

For general directions concerning the art of 
analysis, and for many useful and original hints 
relative to the manipulations of the laboratory, 
I have much satisfaction in referring to Mr. 
Children's translation of the fourth volume of 
M. Thenard's Traite de C/dmie. The reader 
will observe, that in Chapter YI. I have 
availed myself of this work, which the student 
will do well to consult in detail. 

The eighth and ninth chapters are assigned 
to Vegetable and Animal Products ; and the 
concluding chapter contains the heads of Geo- 
logical inquiry. 

In the Appendix to each volume will be 
found Tables, chiefly useful as presenting a sy- 
noptic view of most of the simple and com- 




pound bodies, with their representative or 
equivalent numbers ; these may easily be 
. transferred to a logometric scale, as recom- 
[ mended by Dr. Wollaston, who has thus fur- 
L'nished tlie laboratory with one of its most 
[ useful implements. 

The principal materials of this book have 
I been drawn from the notes tliat I have em- 
ployed in my different courses of lectures, and 
these are partly original, and partly compiled 
from various sources ; altliough therefore I 
have in most instances scrupulously referred to 
the authorities quoted, it is possible that this 
may have been sometimes omitted, and for 
such omissions, I now beg to apologize. The. 
systematic and elementary works that I have 
chiefly relied on for assistance, are tiie Systems 
of Dr. Thomas Thomson, and of the late Dr. 
John Murray ; the Traitc de Chimic of M. The- 
nard ; and the Elements of Sir Humphry Davy, 
and of Dr. William Henry. The Chemical 
Dictionary of Messrs. Aikia, I have also often 
consulted with advantage, especially in rela- 
tion to the Cliemistry of the Arts. Dr. Ure's 
Dictionary uf Chemistry did not fall into my 
hands till this work was nearly ready for 
publication, or 1 should have availed myself of 
the valuable information in which it abounds, 
both original and compiled. ,^ ^ 



I think it also right to add, that much of 
this work ims been written in the Laboratory, 
where the results of experiments have been 
immediately transferred to its pages ; and where 
1 have uniformly received the assistance of 
Mr. M. Faraday, whose accuracy and skill as 
an operator have proved of essential service 
in all my proceedings. 



A view of the interior of the Laboratory of 
the Royal Institution forms the Frontispiece to 
this volume ; I have selected it for description 
on account of its completeness and conve- 
nience; it compriiiies all that can be required 
io the pursuit of experimental chemistry, and 
by enlarging or diminishing the plan, it may 
be well adapted to luiy public or private esta- 
blishment. 

The following description of the ground 
plan (Plate L) will serve to explain its general 
arrangement. 

A is a part appropriated to an audience, a is 
the body of the Laboratory. 

a The entrance. 

b An open chimney for the reception of 
moveable furnaces. 

c A wind furnace. (Plate III., Fig. 2.) 

d A reverberatory and assay furnaee. ' 



e A stove with a sunk flue, for warming the 
Laboratory. 

/ A table. 

g^ A sand furnace. (Plate III., Fig- I.) 

This has lately been transferred to the place 
of the centre table p, and communicates by a 
descending flue with the same chimney. 

h A sink with a plentiful supply of water. 

i A table with cupboards below it. 

k A furnace for the production of gas from 
coal, ^c. 

/ A cast-iron steam boiler for the abundant 
supply of hot water, and of steam when re- 
quired. 

m A recess lighted from above, containing 
a bellows-blowpipe, and communicating with 
three flues n n n, for the reception of the 
chimneys of portable furnaces. The gas puri- 
fiers also stand in tins recess. 

o A forge furnace placed in a similar recess, 
with flues for occasional purposes. 

V P P Tables with drawers. 

q A gasometer from which tubes issue for 
the supply of the Laboratory, and of the lec- 
ture room, with coal gas. 

r A small store-room and cellar for fuel, ^c. 

s 8 Recesses for apparatus. 

t Doorway leading to an apartment for ap- 
paratus, ^c. 



Plate III. contains a representation uf the 
most useful furnaces of the Laboratory. 

Fig, I . A sand furnace ; a the larger bath ; 
b the smaller one, which may occasionally be 
removed for the purpose of employing the 
fire-place for crucibles, or of inserting the 
boiler of a still. 

Fig-2. Section of the wind-furnace; c Platel. 
a is a flue communicating with the exterior of 
the building, for the admission of cold air to 
the fire-place ; 6 the ash-hole ; c c two grates, 
the upper of which may be removed when a 
deep fire-place is wanted ; d an aperture which 
may be closed by a moveable fire-brick ; e the 
chimney ; /a register. 

Fig. 3. Knight's portable furnace, made of 
wrought iron, and lined with fire-brick. It 
is convenient for a variety of operations, 
conducted upon a small scale ; a is a door 
for the passage of the neck of a retort when 
distillation is performing in the open fire, as 
seen in the wood-cut at page 402 ; A is an 
aperture to which there is a corresponding one 
on the opposite side for the admission of a 
tube to pass through the furnace, as shewn at 
page 335. 

Fig. 4. A portable assay-furnace ; 'a is the 
muffle represented in Fig. 5. 

Fig. 6, 7. and 8. are evaporating basins ; 
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9, a Platinum crucible and cover; 10, 11, 
Hessian crucibles ; 12, 13, 14, 15, the principal 
varieties of tongs useful in the Laboratory. 



The apparatus described in the following 
pages was furnished by Mr. J. Newman, 
Philosophical Instrument-Maker ^ to the Royal 
Institution, of Lisle-street, Leicester-square. 



HISTORY OF CHEMISTRY. 



OhEMISTRY cannot be said to have existed, as 
a science, previous to the commencement of the # 
seventeenth century ; for although we find, in the 
writings of the earlier chemists^ many curious and 
important facts and discoveries, these remained 
useless and unapplied, so long as the minds of men 
were exclusively directed to the transmutation of 
the metals, the fabrication of an universal elixir, and 
the production of the Alcaheat, or general solvent. 
Although, therefore, it may often be amusing, and 
sometimes profitable, to revert to the crude spe- 
culations and waking dreams of the voluminous 
writers upon these subjects, who were eminent in 
the fourteenth and two successive centuries, the 
time of the student will be more usefully occupied 
in tracing the labours of those, who, discarding 
visionary hypotheses, proceeded to the investigation 
of truth ; and who were led on, not by the vague 
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glimmering of speculative notions, but by the 
steady day-light of real philosophy. 

It is, I think, among our own countrymen that 
we discover the fathers of chemical philosophy : for 
Bacon, Boyle, Hooke, Mayow, and Newton, present 
unequivocal claims to that distinctive title. As 
induction from experiment is exclusively the basis 
of chemical science, little progress could be made in 
it till the futility of the ancient philosophical systems 
had been shewn, and their influence annihilated ; 
till the true end of science was rightly defined, 
and the road to it rendered straight and passable ; 
till the necessity of well-digested experiment had 
been established, which '' first procures the light, 
then shews the way by its means." 

It may seem trite to quote Lord Bacon; but, 
as experience is constantly showing the neglect of 
the invaluable doctrines inculcated in his works, 
and as students, especially, are too apt to throw off 
the burthen and responsibility of thinking for them- 
selves, by adopting the notions of others, without 
either weighing their merit or appreciating their 
correctness, and often only because they are new, I 
shall beg leave to call their attention to one of the 
many relevant passages of this author. 

** He who would come duly prepared, and fitted 
to the business of interpretation, must neither 



. a follower of novelty, custom, nor antiquity ; nor 
indulge himself in a liberty of contradicting; nor 
servilely follow authority. He must neither be 
hasty in affirming, nor loose and sceptical in doubt- 
ing ; but raise up particulars to the places assigned 
them by their degree of evidence and proof His 
hope must encourage him to labour, and not to rest; 
he roust not judge of things by their uncommon 
nature, their difficulty, or their high character ; but 
by their just weight and use. He must, in his 
own particular, carry on his view with concealment, 
and yet have a due regard for posterity. He must 
prudently observe the first entrance of errors into 
truths, and of truths into errors, without despising 
or admiring any thing. He must understand his 
own talents and abilities, or the advantages of his 
own nature. He must comply with the nature 
of others, He must, as with one eye, survey the 
natures of things, and have the other turned towards 
bnman uses. He must distinctly understand the 
mixed nature of words; which is extremely capable 
both of prejudicing and assisting. He must lay it 
down to himself, that the art of discovering will 
grow up, aod improve, along with discoveries them- 
selves. He must not be vain either in delivering 
or concealing the knowledge he has acquired ; but 
ingenuous and prudent, and communicate 1 
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ventions without pride or ill-nature : and this in a 
strong and lively manner, well defended against the 
injuries of time, and fit for the propagation of know- 
ledge, without occasioning errors; and, which is 
the principal thing of all, it must be such as may 
select and choose for itself a prepared and suitable 
reader *." 

The following observations from the same source, 
will bring me back to my subject: 

*' And again ; if any one should condescend to 
regard such things as are accounted rather curious 
than useful ; and take a thorough view of the works 
of the alchymists, or the followers of natural magic ; 
he might, perhaps, be at a difficulty which he 
should withhold, his tears, or his laughter. For the 
alchymist goes on with an eternal hope ; and where 
his matters succeed not, lays the blame upon his 
own errors ; and accuses himself as not having 
sufficiently understood either the terms of his art, 
or his author : whence he either hearkens out for 
traditions and auricular whispers, or else fancies 
he made some mistake as to the exact quantity of 
the ingredients, or nicety of the experiment ; and 
thus repeats the operation without end. And if, 
in the mean time, among all the chances of expe- 



* Prefatory Aphorisms of the Novum Organum ScietUiarum^ 
No. XI. 
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riments, he throws any which appear either new 
or useful, he feeds his mind with these as so many 
earnests ; boasts and extols them above measure ; 
and conceives great hopes of what is behind. It 
must, indeed, be allowed that the alchymists have 
made many discoveries, and obliged mankind with 
useful inventions ; but they are well represented in 

that fable of the old man, who left an estate to his 

« 

children, buried somewhere or other, he told them, 
in his vineyard ; which they, therefore, fell to dig 
for with great diligence; whereby, though they 
found no gold in substance, yet they received a better 
vintage for their labour." 

'' But such as apply to natural magic, and explain 
every thing by sympathies and antipathies, have, 
by supine and indolent conjectures, placed strange 
virtues and operations in things; and if, at any 
time, they have produced works, they are rather 
suited to admiration and strangeness, than to fruit 
and advantage */* 

It is my intention, in this introductory chapter, 
after a brief allusion to the style and views of the 
alchymical writers, to notice the principal researches 
of the chemists of the fifteenth and two following 
centuries ; and thus to give an historical sketch of 



* Nofmm Or^tumm. Sectkm V. 



I 



the Bcieuce, from its early days, to tbe commencemenl 
of the present age. 



§1- 

The transmutation of baser metals into gold and 
silver, which was the chief, and, in most cases, the 
only object of the genuine alchymists, was not 
merely regarded as possible, but believed to have 
been performed, by some of the more enlightened 
chemists of the seventeenth century : and, in perus- 
ing the history of these transmutations, as recorded 
by Helvetius, Boebhaave, Boyle, and other sober- 
minded men, it would be difficult to resist the evi- 
dence adduced, without the aids of modern science. 
Lord Bacon's sound sense has been arraigned for his 
belief in alchymy, though he in fact rather urges the 
possibility than the probability of transmutation; 
and, considering the infant state of the experi- 
mental sciences, and of chemistry in particular, 
in liis age, and the plausible exterior of the pheno- 
mena that the chemists were able to produce, he is 
gather to be considered as sceptical than credulous, 
upon many of the points which he discusses. 

Hebmes TnisMEGisTUs, who is said to have lived iq 
the year of the world 2076, has generally been quoted 
as the oldest of the alchymists; there can, however. 
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be very little doubt that the writings attributed to 
him are entirely sporious. The Tradatus Aureus, 
or Chldtn Wart, is evidently a farrago of occult 
philosophy belonging to a much later period. Hbrmes, 
at the outset, is made to apologize for divulging 
the secrets of the black art. '' I should never 
have revealed them," says he, '* had not the fear of 
eternal judgment, or the hazard of the perdition of 
my soul, prevailed with me, for such a concealment. 
It is a debt I am willing to pay to the just, even 
as the Father of the just has liberally bestowed it 
upon me.** After this prelude, we might expect 
to be let into some of the mysteries of alchymy, 
but our curiosity is quickly disappointed, by finding 
that they are only revealed to the eyes and ears of 
the sons of art ; '' not to the pro&ne, the unworthy, 
and the scoffers, who, being as greedy dogs, 
wolves, and foxes, are not to feed at our divine 
repast" The reader is then conducted into what is 
termed the mnermagt chamber, and regaled with a 
history and explication of various matters relating 
to the philosopher's stone, by means of which, 
'^through the permission of the Omnipotent, the 
greatest disease is cured, and sorrow, distress, evil, 
and every hurtful thing evaded ; by help of which 
we pass from darimeas to l^t, firom a desert and 
wilderness to a hahitatioii and' home, and from 
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straightness and necessities to a large and ample 
estate." We are then directed to " catch the flying 
bird," by which is meant quicksilver ; ** and drown 
it so that it may fly no more ;" this is what is after- 
wards termed the fixation of mercury, by uniting it 
to gold. It is then to be plunged into the '' well 
of the philosophers," or aqua regia, " by which its 
soul will be dissipated, and its corporeal particles 
united to the red eagle/' or muriate of gold. 

We may, however, at once cut short these obser- 
vations by remarking, that all the details bear upon 
increasing the/ weight of gold by the influence of 
mercury, and this imaginary document of Hermes 
will suffice as an example of all the earliest alchymical 
authors. 

Geber is another great name in the history 
of alchymy; though the exact period at which he 
lived is unknown, it was probably not later than 
the seventh century. His three books of alchymy 
were published at Strasburgh, in 1520, and, if ge- 
nuine, of which there is much doubt, contain matter 
that well justifies the praise of Boerhaave, who 
considers him as a first-rate philosopher of his age. 
In his chapter On the Alchemie of Sol, after descanting 
upon the different means of refining and dissolving 
gold, he describes several solar medicines in lan- 
guage which is tolerably intelligible ; they are all 
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golotioiis of gold in nitro-muriatic acid, with the 
addition of quicksilver, nitre, common salt, and 
some other saline matters, and the student is directed 
to prepare his mind for their performance by suitable 
acts of piety and charity, which, if earnestly and 
perseveringly carried on, may, after due time, enable 
him, in the language of his translator. Dr. Salmon, 
'' to change argent vive into an infinite solific and 
lunific, without the help of any thing more than 
its multiplication." Alembics, crucibles, and various 
furnaces are so fully described, and, if we may 
believe the MSS., depicted by Geber, that he de- 
serves to be mentioned also as the inventor of much 
useful apparatus. 

Artephius in 1130 published several alchymical 
tracts; we are told by Roger Bacon and others, 
that he died at the advanced age of 1025, having 
prolonged his life by the miraculous virtues of his 
medicines; but his name, and tliat of John de 
RuPEscissA, are now deservedly buried in oblivion. 

The alchymical annals of the thirteenth century 
are adorned by the name of Roger Bacon, a na- 
tive of Ilchester in Somersetshire, and descended 
from an ancient and honourable family. In 1240, 
he returned irom Paris, and became celebrated 
among the learned of the University of Oxford. At 
that time, however, the exponticm of ignorance, 
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and attempts to overthrow the dogmas of the 
schools, was a service of risk and danger ; and to 
this Friar Bacov, for he was a monk of the Frao- 
ciscan order, laid himself fully open ; he wai 
accused of practising witchcraft, thrown into prison 
and nearly starved, for exposing the prevalent 
immorality of the clergy ; and, according 
some, stood a chance of being burned as a maii 
g;ician. 

I know of no work that strikes one with mort 
surprise and admiration, than the Opus Majus of 
Roger Bacon ; he stands alone like a beacon upoi^ 
a waste ; his expressions are perspicuous and com>t 
prehensive, such as betoken a rare and unclouded 
intellect ; and they are full of anticipations of the 
advantages likely to be derived from that mode of 
investigation insisted upon by bis great successoTiJ 
Chancellor Bacon. This resemblance betweei 
Roger Bacon and his illustrious namesake, ha«J 
scarcely been noticed by the historians of 
period ; it has, however, not escaped Mr. Hallam'b 
observation, who adverts to it in his History ojFl 
the Middle Ages. Whether Lord Bacon, he says, 
" ever read the Opus Majus I know not, but it »_ 
singular, that his favourite quaint expression, prm 
rogatme scientiantm, should be found in that ^ 
and whoever reads the sixth part of the Opt 
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Miffusy upon experimental science, must be struck 
by it as the prototype in spirit of the Novum Orga- 
num. The same sanguine, and sometimes rash 
confidence in the effect of physical discoveries ; the 
same fondness for experiment ; the same preference 
of inductive to abstract reasoning, pervade both 
works. ** 

The alchymical work of Roger Bacox, that has 
been most prized, is the Mirror of Alchymy^ but 
there is little either of interest or entertainment to 
be extracted from it. 

Roger Bacon has by some been spoken of as a 
benefactor to mankind, by odiers as an enemy to 
the human race, inasmuch as he is plausibly consi- 
dered to have invented gunpowder, an invention 
by which the personal barbarity of warfare has 
certainly been diminished, ** but which, considered 
as an instrument of human destruction, by far more 
powerful than any that skill had devised, or acci- 
dent presented, before; acquiring, as experience 
shews us, a more sanguinary dominion in every 
succeeding age, and borrowing all the progressive 
resources of science and civilization for the exter- 
mination d mankind, appals us," says Mr. Hal- 
lam, '* at the future prospects of the species, 
and makes us feel perhaps moce than in any other 
instsHce, adiffioidtgr in MosnoilMig the flq^stsiious 
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dispensation with the benevolent order of Provi- 
dence." 

This discovery has sometimes heen given to 
Bartholomew Schwartz, a German monk, and 
^ thet date of 1320 annexed to it, a date posterior 
to that which may be justly claimed for Friar Ba- 
con. Upon the authority, however, of an Arabic 
writer in the Escurial collection referred to by 
Mr. Hallam, there seems little reason to doubt 
that gunpowder was introduced, through the means 
of the Saracens, into Europe, before the middle of 
the fifteenth century, though its use in engines of 
war was probably more like that of fire- works than 
artillery. Many iaiuthorities might be adduced to 
prove the common use of gunpowder early in the 
fourteenth century. Edward III. employed artil- 
lery with memorable effect, at the battle of Cressy^ 
and in the fifteenth century hand-cannons and 
muskets came into use, and gun-powder was in 
common employ. 

Albert of Cologne, surnamed The Great, was 
a contemporary of Roger Bacon ; he is celebrated 
as the inventor of the brazen head which was de« 
molished by the pious zeal of his pupil, the an- 
gelical Dr. Aquinas, in consequence of his suspect- 
ing it to be an agent of the devil. 

Albertus Magnus was what in our db|Ni^4l 
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termed an universal geniuH. He in chiefly cele- 
brated as the commentator of Aristotle ; but, if 
we give credit to contemporary writers, he was 
deeply skilled in all the higher departments of alchy- 
mical philosophy. 

The names of Raymond Lully of Majorca, and 
Arnold of Villanova, occur in this page of the 
history of chemical science. Their merit, however, 
consists rather in the quantity than quality of their 
writings. Lully died on his passage from Africa 
in 1315, whither he had been to preach the truths 
of the Gospel; his body was carried to Majorca, 
where he was honoured as a martyr. Brucker 
says, '^ he was more ingenious than honest." 
His chemical opinions are scarcely worth quotation 
or abstract. He is said to have converted iron into 
gold in the presence of Edward I. in London, which 
was coined into rose-nobels*. 

Arnold shines as a magician and astrologer. He 
was a renowned prophet, and predicted that the 
world would come to an end in the year 1376. He 
was shipwrecked on the coast of Genoa, in 1313. 

About the year 1560, a Treatise ofAlchymy was 
published at Paris, attributed to Nicholas Flammel. 

The work, however, is spurious, and was merely 

._ . _i_ . _ ■ _ _ 
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ascribed to him from his becoming suddenly, as h 
is said, very rich. The use he made of his wealth 
does his memory much credit: he founded hos- 
pitals, repaired churches, and endowed several 
charitable institutions ; proceedings which by nOi 
means savour of alchymy. 

Dr. Salmon, who in 1692 published one of the 
above-mentioned tracts, says, " Flammel was ori»i 
ginally a poor scrivener, yet left so great monuments 
behind him, as must convince the most incredulous 
that he knew the secret ; and performed such mighty 
works at his own proper cost and charges, as the 
most opulent prince in Europe can never do tl 
like. 1 know," says he, " a gentleman who' 
went to view those mighty buildings and their 
records. The archives and governors of those 
places, he told me, own the matter of fact bol^ 
deny the means, saying, that Flammel was a vei 
pious man, and went a pilgrimage to St. James 
of Gallicia, for a reward of which piety the holy 
saint bestowed that vast treasure upon him by 
way of miracle ; thereby denying the power of art 
by which it was certainly effected, to establish 
miracle performed by the Romish Saint." 

He was moreover celebrated for his hierogly- 
phics, of which fac-similes are given in Salmons 
edition. They are much of the same cast 
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those that now adorn Moore's Abnanaci, and quite 
as edifying. 

In Salmon s collection we find the Marrow of 
Alchymy by George Ripley, Chanon of Bridlington 
in Yorkshire, who was a chemist perhaps less 
deserving gf the reputation he acquired than most 
of his con^^eers. He may be quoted as a chemi- 
<^ poet. His Compound of Akhemie, dedicated to 
E0WARD IV, is rugged enough, but not unintelli- 
gible. The following stanzas from the preface of 
this piece, given in Ashmole's Theatrum ChenUcum 
Britanmeum^ will afford a fair idea of Ripley's merits 
as a poet and philosopher : — 

** But into Chapters thys Treatis I shall devyde. 
In number twelve, with dew recapytulatyon ; 
Superfluous rehearsalls I lay asyde, 
Intendyng only to give trew informatyon. 
Both of the theoryke and practycall operatyon : 
That by my wrytyng who so wyll guyded be, 
Of hys intente perfectly speed shall he. 

** Hie fyrst chapter shall be of naturall Cakmaiian ; 
The second of DynoUUum, secret and phylosophycall ; 
The third of our elementall SepcurcUion ; 
The fourth of Ccnjunction matrimoniall; 
the fyfth afPKtrefacium then foUowe shoD; 
Of Congelation Albyficative shall be the sixt, 
Then of Cyhation^ the seaventfi, shall follow next. 

** The secret of our SuMymation the eyght shall show ; 
The nynth shall be of Fermeniatyon^ ; 
The tenth of our Exaltation I trow. 
The elevent of our mervelose multiplycatyon. 
The twelfth of Prqjeetkm^ then RecofHuiaiyoim, 
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And to this treatise shall take an end. 
By the help of God, as I entend. 

** Thus here the Tract of Alchemie doth end ; 

Which tract was by George Ripley, Chanon, penn'd. 

It was composed, writt, and signed his owne, 
In anno twice seaven hundred seaventy one. 
Reader, assist him, make it thy desire 
That after lyfe he may have gentle fire ! 

Amsit." 

The degree of faith placed in alchymy was of 
course much shaken by the multiplied experi- 
ments that were undertaken during the seventeenth 
century; in general, however, those who failed 
attributed their ill success to any rather than the 
real cause. Salmon's creed is that of most of his 
contemporaries. '' As to the great and philoso- 
phic work/' says he, (meaning transmutation,) 
'' it is my opinion and belief that there is such a 
thing in nature. I know the matter of fact to be 
true, though the way and manner of doing it is as 
yet hid from me. I have been eye-witness of so 
much as is able to convince any man endued 
with rational faculties, that there is a possibility 
of the transmutation of metals ; yet, for all these 
things, will not advise any man, ignorant of the 
power of nature and the way of operation, to 
attempt the work, lest, erring in the foundation, 
he should suffer loss and blame me. Without 
doubt it is a gift of God from above, and he that 
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attains it most patiently wait the moving of the 
waters ; when the destined angel moves the waters 
of the pool, then is the time to immerge the leprous 
metal, and cleanse it from all impurities.*' 

Van Helm ont says, '' I am constrained to believe 
in the making of gold and silver, though I know 
many exquisite chemists to have consumed their 
own and other men s goods in search of this 
mystery ; and to this day we see these unworthy 
and simple labourers cunningly deluded by a dia- 
bolical crew of gold and silver sucking-flies and 
leeches. But I know that many will contradict this 
truth; one says it is the work of the devil, and 
another, that the sauce is dearer than the meat." 

Bergman, in summing up the evidence for and 
against the possibility and probability of transitu- 
tation, and founding his opinion upon the multitude 
of relations that have been handed down to us by 
different writers of apparent veracity, one or two of 
which I shall presently quote, observes, that '' al- 
though most of them are deceptive, and many 
uncertain, some bear such character and testimony 
that unless we reject all historical evidence we 
must allow them entitled to confidence *." For 
my own part, the perusal of the histories of 

* Opuscula, IV. 127. 
VOL. I. C 
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transmutation appears to me to furnish solid grounds 1 
for a diametrically opposite opiaion. They arel 
all of a most suspicious character; sometimes the I 
fraud was open and intentional, seconded by jug- 
gling dexterity ; at other times the performers de- 1 
ceived themselves ; they purchased what was J 
termed a powder of projection, prepared by the ] 
adepts, containing a portion of gold, and when ' 
they threw it into the fire with mercury, and found 
that portion of gold remaining in their crucible» 
they had not wit enough to detect its source; I 
but the cases which are quoted as least cxceptioa-rJ 
»ble are often exactly those which are I'eally impos-l 
Bible ; I mean, where the weight of the powder c 
projection, and of the lead or otlier base metal takeaj 
conjointly, was exceeded by that of the gold pro? I 
duced. Such is Hiernes' history of Pavkul'sI 
transmutation, who, with six drachms of lead an4 \ 
one of powder, produced an ingot that was coined 
into 147 ducats ; and many others. But the moat 
celebrated history of transmutation is that given 
by Helvetius in his Brkf of the Golden Calf: 
discovering the rarest Miracle in Nature, how hi) Iht 
tmallest portion of ike Philosopher's Stone a greut P%ec$ 
of Common Lead was totally transimited into the pureH 
transplendent Gold, at the Hague in 1666 : and, as it ' 
is a luminous epitome of all that has been done on 
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this subject, I shall briefly abridge the proceed- 
ings: 

" The 27th day of December 1666, in the after- 
noon, came a stranger to my house at the Hague, in a 
plebeick habit, of honest gravity and serious au- 
thority, of a mean stature and a little long face, 
black hair not at all curled, a beardless chin, and 
about 44 years (as I guess,) of age, and bom in 
North Holland. After salutation he beseeched me 
with great reverence to pardon his rude accesses, 
for he was a lover of the Py rotechnian art, and hav- 
ing read my treatise against the sympathetic powder 
of Sir Kenelm Digby, and observed my doubt about 
the philosophic mystery, induced him to ask me 
if I really was a disbeliever as to the existence of 
an universal medicine which would cure all diseases, 
unless the principal parts were perished or the 
predestinated time of death come. I replied, I 
never met with an adept, or saw such a medicine, 
though I had fervently prayed for it. Then I said* 
gurely you are a learned physician. No, said he, 
I am a brass-founder, and a lover of ch3ani8try. 
He then took from his bosom-pouch a neat ivory 
box, and put of it three ponderous lumps of stone, 
each about the bigness of a vralnut. I greedily 
saw and handled for a quarter of an hour this 
most noble substance, the value of which might be 

Cf 
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somewhere about twenty tons of gold ; and having 
drawn from the owner many rare secrets of its 
admirable effects, I returned him this treasure of 
treasures with a most sorrowful mind, humbly be- 
seeching him to bestow a fragment of it upon me in 
■perpetual memory of him, though but the size of 
a coriander seed. No, no, said he, that is not 
lawful : though thou wouldst give me as many golden 
ducats as would till this room ; for it would hava 
particular consequences, and if fire could be burned' 
of fire, I would at this instant rather cast it all intoi 
the fiercest fiames. He then asked if I had ft 
private chamber whose prospect was from the public 
street; so I presently conducted him to my best 
■iumished room backwards, which he entered," says 
.Helvetius, (in the true spirit of Dutch cleanliness,) 
" without wiping his shoes, which were full of sno' 
and dirt. I now expected he would bestow some 
great secret upon me, but in vain. He asked for a 
piece of gold, and opening his doublet showed me 
five pieces of that precious metal which he woi 
upon a green riband, and which very much excelle 
mine in flexibility and colour, each being the sis 
of a small trencher. I now earnestly again crave 
a crumb of the stone, and at last, out of his phili 
sophical commiseration, he gave me a morsel as 
large as a rape-seed ; but ! said, this scaaijv 



HiflTORT OF CHEMISTRr. 21 

portion will scarcely transmute four grains of lead. 
Then, said he, deliver it me back : which I did, in 
hopes of a greater parcel ; but he, cutting off half 
with his nail, said, even this is sufficient for thee. 
Sir, said I, with a dejected countenance, what means 
this ? And he said, even that will transmute half 
an ounce of lead. So I gave him great thanks, and 
said I would try it, and reveal it to no one. He then 
took his leave, and said he would call again next 
morning at nine. I then confessed that while the 
mass of his medicine was in my hand the day 
before, I had secretly scraped off a bit with my nail, 
which I projected on lead, but it caused no trans- 
mutation, for the whole flew away in fumes. Friend, 
said he, thou art more dexterous in committing theft 
than in applying medicine ; hadst thou wrapt up 
thy stolen prey in yellow wax, it would have pe- 
netrated and transmuted the lead into gold. I then 
asked if the philosophic work cost much or required 
long time, for philosophers say that nine or ten 
months are required for it. He answered, their 
writings are only to be understood by the adepts, 
without i^diom no student can prepare this magistery. 
Fling not avray, therefore, thy money and goods in 
hunting out this art, for thou shalt never find it. To 
which I replied. As thy master showed it thee, so 
mayest thou perchance discover something thereof 
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to me, who know the rudiments, and therefore it 
may be easier to add to a foundation than begin 
anew. In this art, said he, it is quite otherwise ; 
for unless thou knowest the thing from head to 
heei, thou canst not break open the glassy seal of 
Hermes. But enough ; to-morrow, at the niutJi 
hour, I will show thee the manner of projection. 
But Elias never came again ; so my wife, who wa« 
curious in the art whereof the worthy man had 
discoursed, teazed me to make the experiment with* 
the little spark of bounty the artist had left me; si* 
I melted half an ounce of lead, upon which my 
I wife put in the said medicine ; it hissed and bubbled^ 
I and in a quarter of an hour the mass of lead was 
transmuted into fine gold, at which we were ex- 
ceedingly amazed. I took it to the goldsmith, who 
judged it most excellent, and willingly offered fifty 
florins for each ounce." Such is the celebrated 
history of Elias the Artist and Dr. Helvetius. 

SiE Kenelm Digby, whose name is mentioned id 
this narrative, was a renowned dabbler in themys- 
' terious art. Under the date of 7th November, 
1651, in Evelyn's Diary*, " he gave me," says Mr. 
Evelyn, " a certain powder with which he affirmed 
that he had fixed mercury before the late king. He 
advised me to try and digest a little better, and 
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gave me a water which he said was only rain-water, 
of the antumnal equinox, exceedingly rectified and 
very volatile ; it had a taate of strong yitriolic, and 
smelt like aqoafortis. He intended it for a dissolvent 
of calx of g<4d ; but the truth is, SirKEHELic was 
an arrant mountebank." 

Nearly all the alchymists attributed the power of 
prolonging life either to the philosopher's stone, or 
to certain preparations of gold, imagining possibly 
that the permanence of that metal might be trans- 
ferred to the human system. The celebrated 
Descartes is said to have supported such opinions ; 
he told Sir Ken elm Dig by that although he 
would not venture to promise immortality, he was 
certain that life might be lengthened to the period of 
that of the Patriarchs. His plan, however, seems to 
have been the very rational one of limiting all excess 
of diet, and enjoining punctual and frugal meals*. 

The history of alchymy has been greatly enriched 
by the labours of the celebrated Elias Ashmole, 
who in 1652 published his TheaUwn Chemicum Brit- 
Umnkunij containing several Poeticall Pieces of eur famous 
EngUsh Philosophers, who hate written the Hermetique 
Mysteries in their owne ancient Language. 

The most remarkable piece in this collection is 



* Set Ltfe of Descartes. Cm almems's Biographical Dicthnanfi 




HISTORY OF CHEMISTRY. 



the Ordiimli ofAlckimt/, iy Thomas Norton, illustrated 
by several comical cuts. It treats in separate chap- 
ters, of the objects of the occult science; of the dif- 
ficulties of attaining them ; of the different methods 
pf pursuing them ; of the characters of the elements ; 
and of the five concords, of which the first is Patiencct 
the second Assistance, the third Instruments, the fourth 
Situationy and the fifth Planetary Infiucnce. It is diffi- 
cult to select from this production any specimep 
capable of conveying an idea of its merits, that can 
come within the limits of a quotation. Perhaps 
the following lines, picked out of the seventh chapter, 
touching " the Regiment of Fiers," may serve Ut 
convey some idea of the author's talents in the double 
.capacity of poet and philosopher. 



I 



' In many authors written you may see, 
Tohim consistit in ignis Tegimine ; 
Wherefore in all things so proceed, 
That heat work no more no less than it need ; 
Wherein many of Geber's cooks 
Deceived were, though they be wise in books. 
Such heate wherewith a pig or goose is scalded 
In this arte Decoction it is called; 
Such heate as dryelh lawne karchiefs fair. 
In thirty operations scrveth for our ayre; 
But for divisions you must use such heate, 
As cooks make when they roaste raw meate. 
Ignis kumidus another fier alsoe 
Is, and yet seemeth oppontum in adjecto 
Another fier is 6er of desiccation, 
For matters which be imbibed with humectal 
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tfpn* corrodent senreth in this arte, 

Ettmenta propinqua wisely to depart. 

By one point of excess all your work is shent. 

And one point too little is insufficient; 

Who can be sure to find its trew degree, , 

Magister magnus in igne shall he be. 

All that hath pleasure in this booke to reade. 

Pray for my soule, and all both quick and deade. 

In this year of Christ 1477, 

This work was begun, honour to God in heaven." 

In later times we have had two or three believers 
in transmutation. In the year 1782, Dr. Price, of 
Guildford, by means of a white and a red powder, 
professed to convert mercury into silver and gold, 
and is said to have convinced many disbelievers of 
the possibility of such change ; his experiments were 
to have been repeated before an adequate tribunal, 
but he put a period to his existence by swallowing 
laurel-water. 

Another true believer in the mysteries of this art 
was Peter Woulfe, of whom it is to be regretted that 
no biographical memoir has been preserved. I have 
picked up a few anecdotes respecting him from two 
or three friends who were his acquaintance. He 
occupied chambers in Barnard's Inn while residing 
in London, and usuaUy spent the summer in Paris. 
His rooms which were extensive, were so filled with 
furnaces and apparatus that it was difficult to reach 
his fire-side. A friend told me that he once put 
down his hat, and never could find it again, such 
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was the confusion of boxes, packages, and parcels, 
that lay about the chamber. His breakfast-hour 
was four in the morning ; a few of his select friends 
were occasionally invited to this repast, to whom 
a secret signal was given by which they gained 
entrance, knocking a certain number of times at 
the inner door of his apartment. He had long- 
vainly searched for the elixir, and attributed his 
repeated failures to the want of due preparation 
by pious and charitable acts. I understand that 
aome of his apparatus is still extant, upon whid^ 
are supplications for success, and for the welfare^ 
of the adepts. Whenever he wished to break ztt' 
acquaintance, or felt himself offended, he resented' 
the supposed injury by sending a present to th© 
offender and never seeing him afterwards. These 
presents were sometimes of a curious description, 
' and consisted usually of some expensive chemical 
' product or preparation. He had an heroic remedy 
for illness: when he felt himself seriously indis- 
posed, he took a place Id the Edinburgh mailt^ 
and having reached that city, immediately came 
back in the returning coach to London. A cold 
taken on one of these expeditions terminated in an 
inflammation of the lungs, of which he died in 1 805. 
He is the author of several papers in the Phiiosopki- 
ceil Transactions. 
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A few other persons of less note might be 
quoted as believers in transmntatioD, but the his- 
tory of one is that of all ; and, in the enlphatic 
langqage of Spenser, they were doomed 

^ To lose good days that tniglit be better spent. 
To waste long nights in pensire diseontal; 
To speed to-day, to be pot back to-monow. 
To feed on hope, to pine with fear and sorrow ; 
To fret their souls with crosses md with cares. 
To eat their hearts diroogh comfortless despairs : 
Unhappy wights ! bom to disastrous end. 
That do dieir lires in tedioos tendance spend.* 

But although the alchymists have given us little 
in the way of useful facts or applicable discoveries, 
their reign was fruitful in the invention of appa- 
ratus. Alembics, stills, retorts^ receivers, and a 
variety of whimsical and complex vessels, in glass 
and porcelain, are described and depicted in their 
works ; and they not only possessed all the furnaces 
with which our modem laboratories are necessarily 
supplied^ but were particularly expert in their con- 
struction, and often surprisingly happy in their 
application. 



§n. 

There are many points in alchymical history 
which have been purposely passed over, as aifwding 
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nothmg worthy of remark, and as suggesting; nothing 
that throws light upon the brighter ages of chemise 
I try. It has been too common to load the alcby- 
mists with honours which they ill deserve ; tha 
picture of their proceedings, already given, is as cor-- 
rect and faithful as the materials that compose it 
admit of ; and it presents nothing that the mind rests 
upon with satisfaction ; nothing that it reverts to 
with interest or profit. But there were contempo 
raries with the alchymists, whose pursuits were 
conducted upon more rational principles, and whose, 
writings, though often overshadowed by the clouds 
of magic and astrology, are, in many instance^' 
illumined by rays of sober experimental investiga-- 
tion ; they often indulge in the insane caprices of the; 
mere searchers for the philosopher's stone, htrt 
their madness has method in it, and their wander 
ings are not without a plan. 

Of these persons, the first that I shall select aj 
worthy notice, is Basil Valentine, ofErfurth, whi 
wrote about the middle of the fifteenth century 
and who may justly be considered as one of the 
founders of modern chemistry : his experiments 
always had an object, and he details them with intel- 
ligible perspicuity; it is true that he often launches 
into the sea of alchymy, but he returns unpoUul 
by its follies : where he speaks as an adept. 
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as absurd as need be ; bat, as the narrator of ex- 
periments, he abounds in shrewd remarks, and 
was uncommonly successful m his pursuits. The 
extant works of Basil Valentine are not very- 
numerous, and they have mostly become extremely 
scarce. In 1671, hisTVwmpAoiilCAarJof ^.^ii<viumy 
was republished at Amsterdam, from the original 
edition of 1624, with copious notes, by Dr. The- 
odore KiRKRiNoius; and a few years after, an 
English translation of that celebrated production 
v^as printed at London. In 1644, his Haliographia 
appeared at Bologna. This work treats of the pre- 
paration, uses, and virtues of mineral, animal, and 
vegetable salts, and is a curious and well-digested 
body of information upon a variety of chemical 
subjects. These are the only works of Basil 
Valentine that I have been able to meet with, and 
I believe they contain the pith of his chemical 
knowledge. In both these works, he appears in 
the double capacity of chemist and physician. In 
physic he was a brave champion for the chemical 
sect, and his Triumphant Chariot ofAntmun^, espe- 
cially, abounds in reflections, not of the mildest 
description, upon the practice and theories of his 
adversaries, — whom he despises, because, unable 
to prepare their own medicines; '' they know not 
whether they be hot or dry; black or wUla^ 
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they only know them as written in their books, and 
seek after nothing but money. Labour is tedious 
to them, and they commit all to chance ; they have 
DO conscience, and coals are outlandish wares witfc. 
them ; they write long scrolls of prescriptions, and 
the apothecary thumps their medicine in his mor- 
tar, and health out of tlie patient," 

But when we find many most important facts re- 
corded in the pages of this writer, we shall readily 
excuse the irrelevant matter by which they are 
accompanied; and, in this view, his writings deserve 
the attentive perusal of those who would trace mo- 
dem improvements to their parent inventions and 
discoveries, and these to their more remote and 
recondite sources. To say nothing of the numerous 
snd truly important preparations of antimony with 
which Basil Valentine enriched the Materia Medka, 
and of which he has given an intelligible and copious 
account in the Cumis Triumpkalis, we find in his 
works the first accurate mention of, and intelligible 
directions for the preparation of nitric, muriatic, and 
sulphuric acids ; and were these his only contribu- 
tions to the laboratory, I need hardly say how richly 
he merits the eulogies of the moderns, when we re- 
flect upon the numerous uses to which those acids 
are now applied, upon their importance in several 
of the most refined and extensive branches of art. 
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and upon the advances in technical and scientific che- 
mistry which hare been attained by their aid. 

In order to obtain the VMOer cf mbre^ for by that 
name he designates the acid» Yalbntinb directs us 
to distU three parts of powdered earthen-ware with 
one of nitre. The mixture is to be subjected in a 
proper earthen alembic to a red heat, and a capacious 
receiver annexed. Now, this process is, in many 
countries, still practised, and, although neither con- 
yeoiait, nor, generally speaking, economical, the 
add it affords is sufficiently pure. The opinion of 
the dd chemists, respecting this production of nitric 
acid, was, that the clay held down the nitre so as to 
expose it to the searching influence of the fire ; but 
the decomposition depends upon the attraction of 
the potassa of the nitre for the ingredients of the 
clay, a kind of red slag remaining in the retort. 

Another mode of procuring nitric acid mentioned 
by this writer, though probably of more ancient 
date, since Raymond Lully seems to have known 
it, comes much nearer to the process now in com* 
mon use, and may, in many situations, be conveni- 
^itly and economically practised. It consists in dis- 
tilling equal parts of nitre and dried green vitriol. 
The residue consists of sulphate of potassa and oxide 
of iron ; the former may be separated by washing 
with hot water, and an oxide of iron, of a deep 
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red colour, remains, used by the polishers of plate^ 
glass, under the name of coicoOiar. 

Under the directions for preparing the salt <rf 
gold in the Haliographia, I find a third mode sug^^ 
gested for the production of acid from nitre, whi(A' 
consists in distilling saltpetre with finely-pounded' 
flints. It depends upon the attraction of sili- 
ceous earth for potash, which combine to form w< 
glassy slag. 

Such are the facts which are recorded by Basi&' 
Valentine, respecting the preparation of nitric acidj! 
he temied it water, or acid spirit of nitre. It was afr' 
terwards called aquafortis, and its property of disS 
solving gold, with the addition of sal ammoniac, o^ 
of muriatic acid, is often adverted to and descanted- 
upon by the same author. 

For nearly two hundred years after the discovery 
* of aquafortis, its chemical history was but little ad- 
vanced ; nor, indeed, were any facts of importam 
respecting its true nature made out, until Dr.i 
Priestley and Mr. Cavendish commenced their 
searches, about the middle of the last century. 

The method which, in this country, is now univer-^ 
sally resorted to for the production of aquafortis coi 
sists in the decomposition ofnitre by sulphuric acid: 
the results are liquid nitric acid, and sulphate of 
potassa. 
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Dr. Priestley*, between 1774 and 1778, made a 
variety of curious experiments to ascertain the 
effects of heat on nitric acid ; he passed it throu^ 
a red-hot tube, and found it resolved into oxygen, 
nitrous gas, nitrous vapour, and water : and thus 
the composition of this acid was analytically demon* 
strated. About the same time, Mr. Cavendish f 
produced tiiis acid, by passing repeated electrical 
explosions through common air, and through mix- 
tures of oxygen and nitrogen, over solution of 
potassa. 

Thus the nature of nitric acid was synthetically 
and analytically demonstrated; and from the result 
of the most accurate and recent experiments upon 
this subject, it appears to consist, in its dry and com- 
bined state, of 13 nitrogen + 37,5 oxygen; and in 
the liquid state, of 50,5 dry acid, +17 water. 

But the discovery of nitric acid is certainly second 
in importance to that of oil of vitriol, or, as it is 
now called, sulphuric acid, the honour of which is 
also due to Basil Valentine ; for it is not, as far as 
my information goes, described in any earlier 
writer ; he frequently mentions it, and the mode of 
its preparation ; and Paracelsus, and the authors 
who immediately followed, talk of it as well known. 
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and in common use, though it is probable that it 
bore a high price, and was but scantily supplied 
by a few awkward and unintelligent operators. 

In the Cjirms Triumphalis, the spirit afforded b| 
the distillation of vitriol is not unfrequently adverted, 
to, and its action upon certain antimonial com- 
pounds so fully described, as to leave no doubt re- 
specting its nature. In the Haliographia, however, 
oil of vitriol is distinctly mentioned ; and, what is 
curious, we find in the chapter of that tract relating 
to the extraction of the salts of iron, particular di- 
rections for the preparation of sulphat of iron, by 
dissolving iron-filings in a mixture of one part of J 
oil of vitriol, and two of water; this solution, he 
says, " when put aside in a cool place, soon forms 
beautiful crystals :" and in another section we are 
told, that "this salt is an excellent tonic; that H 1 
comforts weak stomachs ; and that externally ap- 
plied, it is an admirable styptic." And this, in fact, 
is nearly all that we can say of the preparation and 
medical uses of this salt of iron at the present day. 

The mode of obtaining sulphuric acid, by the dis- 
tillation of sulphate of iron, or green vitriol, is still 
extensively practised upon the Continent, in Gler- 
many, Sweden, and more especially at Bleyl, in Bch 
hernia *. The vitriol is first deprived of water of 
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crystallization, and then submitted, in glass retorts 
coated with clay, to a red heat ; whit^ fumes pass 
over into the receivers, which become very hot dur- 
ing the condensation of these fumes into an unctuous 
reddish-brown fluid, which, from its viscidity and 
appearance, acquired the name of oil of vitriol: 
there remains in the vessels a substance of a fine 
red colour, which, when washed and levigated, fur- 
nishes what has been termed coUothar, or caput mar- 
tuum of vitriol ; for the old chemists were in the 
habit of representing the dregs and tiast products 
of substances by the symbol of a death's head and 
cross bones. 

The oil of vitriol, thus prepared, exhales fumes 
when exposed to a moist atmosphere, and occasion- 
ally congeals or crystallizes ; circumstances which 
led to its name of glacial oil of vitriol, and which 
show that it differs from the acid as ordinarily pre- 
pared. 

That sulphur during combustion produces a por- 
tion of acid water, seems to have been known at 
a very early period ; but the method of obtaining 
sulphuric acid by burning a mixture of sulphur and 
nitre is, I believe, first described by Valentine, 
in his Chariot of Antimony, under the name of oil 
of antimony, for he employed sulphuret of antimony 
for its production. The original recipe runs thus : 

D s 
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" Take of antimony, sulphur, saltnitre, of ead 
equal parts, fulminate them under a bell, as < 
of sulphur per campanam is made, which way of pre- 
paring hath long since been known to the an- 
cients ; but you will have a better way, if instead 
of a bell you take an alembic, and apply to it a 
recipient ; so you will obtain more oil, which will 
indeed be of the same colour as that made of com- 
mon sulphur, but in powers and virtues not a Uttld 
more excellent." 1 

Dr. Ward, the inventor of many celebrated nos- 
trums, was the first person who brought this prepara- 
tion into notice in England ; and he obtained a patent 
for his invention, and for a considerable time mono- 
polized the manufacture of the acid. At length Dr. 
Roebuck, an eminent physician of Birmingham, sub- 
stituted an apparatus of lead for the glass vessels 
previously used. This was in 1746, since which 
the price of sulphuric acid has been greatly re- 
duced, and the manufacturer consequently enabled 
to employ it for a variety of purposes, to which it 
was previously inapplicable, from its scarcity and 
high price. In 1772, the first manufactory of sul- 
pburic acid near the metropolis, was estabhshed 
by Messrs, Kingscote and Walker, at Battersea*. 
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I have mentioned that the necessity and advan- 
tages of nitre, as an addition to sulphur in in- 
creasing the acid product, was known to Valen- 
tine ; but the manner in which it operates is a 
later discovery. As the expense of the operation 
is materially increased by it, many attempts have 
been made to supersede its use by the employ- 
ment of other materials, under the impression that 
it merely furnished oxygen ; but a little reflection 
easily proves the fallacy of such a notion ; for, 
even if we burn sulphur in pure oxygen, sulphurous, 
and not sulphuric acid, is the result. The so- 
lution of this chemical problem has been chiefly 
effected by the researches of Sir H. Davy, who 
has proved that the products of the nitre are con- 
cerned in transferring oxygen to the sulphur. A pa- 
tent has however lately been taken out for a mode 
of preparing sulphuric acid by the combustion of 
pyrites, without the intervention of nitre, which 
promises perfect success. 

The numerous antimonial preparations described 
in the Chariot of Antimony, deserve more notice 
than they have generally received from the chemi- 
cal historian ; and the perusal of that work affords 
some insight into the celebrated disputes between 
the galenical and chemical physicians, which were 
afterwards pushed so far by Pahacelsus. 
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Basil Valentine, adverting to the notion that 
antimony was poisoDous, tells us, that its noxious 
qualities may not only be subdued by art, but that 
various properties may be communicated to its dif- 
ferent preparations — " As a blacksmith," he says^ 
" with one sort of fire, and iron only is his matter,- 
of which he forms divers instruments. Sometimea 
he makes a spit, at another time horse-shoes^ 
another time a saw, and at length innumerabla 
other things, every of which serves for that 
use for which the smith intended it. So of anti- 
mony various works may be made for different use% 
—in which the artist is tlie smith that forms, Vult 
ean is the key which opens, and operation and 
utility give experience and knowledge of the 
Oh, if foolish and vain men would hear and ui*i- 
derstand what I write, they would not suck theif' 
turbid and insalubrious potions, but hasten tih 
these limpid fountains, and drink of the well of life.* 

In pursuing his defence of antimony, the author 
allows its venemous nature, but then tells us, that 
upon that circumstance its value in medicine de- 
pends, upon the principle that venom draws venoift 
to itself; and adduces as proof of this position, tho 
well-known fact, as he terms it, that a dried toad 
reduced to powder, and sprinkled upon the wound 
occasioned by a viper's bite, cures it. 
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Paraceuus comes next in chronological order 
to his predecessor, Basil Valentine, but as a che- 
mist he falls far short of that master ; his original 
discoveries are few and unimportant, and his great 
merit lies in the boldness and assiduity which he 
displayed in introducing chemical preparations into 
the Materia Medica, and in subduing the preju- 
dices of the galenical physicians against the pro- 
ducrtions of the laboratory. The principal events 
of his life are the following: — ^Hisreal name was 
Philip Hocheneb, which he changed on com- 
mendng his professional career into Theophrastus 
BoMBASTUs Paracelsus. At an early age he 
visited the most renowned towns in Europe, and 
returning to his native country, was made pro- 
fessor ci medicine and chemistry at Basle; he 
availed himself of this public situation, not to in- 
atmct the unlearned, but to vilify his contempo- 
raries and predecessors. It is generally said, that 
his dissolute manners and intractable temper ob* 
liged him to quit his occupation. But others have 
told a more plausible story : a rich Canon fell sick, 
and getting frightened, offered 100 florins to any 
one who would cure him. Paracelsus adminis- 
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tered three pills, and the Canon got well ; but 
being so soon restored, and by such simple meaiia, 
he refused to fulfil his promise. The matter wa» 
brought before a magistrate, who decreed thai 
the doctor should only recover the customary 
! fee. Irritated at the flimsy excuses, and unpar- 
donable ingratitude of the priest, and at the ma- 
'gistrate's partial decision, Paracelsus declared 
that he would leave the inhabitants of Basle 
the eternal destruction which they deserved; 
then retired to Strasburgh, and thence into Hi 
gary, where he took to drinking, and died in gri 
poverty at Saltzburgh, in 1541, and in the fort; 
third year of his age. Though we can fix upon na 
particular discovery on which to found his merits as 
a chemist ; and though his writings are deficient m 
the acumen and knowledge displayed by several 
his contemporaries and immediate successors, es] 
cially by Theouore de Maverne, and Du Chesne, 
as he was generally called, Quercitanus; it is 
deniable that he gave a most important turn 
pharmaceutical chemistry ; and calomel, first di 
scribed by Crollius, in 1609, with a variety 
mercurial and antimonial preparations, as likewi8#' 
opium, came into general use. Although the chemical 
physicians, however, were very successful, tJiey 
were aware of the unpopularity of their means; 
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people were frightened at the idea of mercury and 
antimony, which were accordingly exhibited un- 
der fantastic and assumed names. Towards the 
end of the fifteenth century, the use of antimony 
was prohibited at Paris ; and Besnieh expelled the 
faculty for having persevered in administering it. In 
England, chemical medicines began to be employed 
in the reign of Chahles I. In 1644, Schroder 
published his Chemico-Medical Pharmacopeia; and 
shortly after that of the London College made its 
appearance ; but although the history of pharma- 
ceutical chemistry must not be blended with the 
abstract progress of the science, yet should it not 
be forgotten, that the great modern improvements 
in chemistry have sprung from its applications to 
medicine, and that the foundations of chemical 
science are to be found in the medical and phar- 
maceutical writers of the sixteenth century, who 
rescued it from the hands of the alchemical pre- 
tenders, and gave it a place and character of its 
own. 

The enthusiastic ravings of Paracelsus tended 
to awaken the more solid talents of Van Helmont 
of Brussels, who flourished in the early part of 
Uie seventeenth century, and who studied and 
admired the works of his less modest predecessor. 
Vak Hblmont has left a curious memoir contain- 



ing a sketch of his own life, and exhibiting the 
various circumstances that gave an impulse to his 
proceedings, and the different causes that suggested 
his pursuits. In this biographical relic, there is a 
vein of sound and unaffected argument, which 
displays a very amiable turn of mind in the writer. 
It would, however, be irrelevant to ray present: 
subject to give more than a very brief abstracl 
illustrative of the style and pursuits of the authi 
*' In 1594, being then seventeen years of age, 
finished my courses of philosophy, but upon seeing 
none admitted to examinations at Louvain who were 
not in a gown and hood, as though the garmeata 
made the man, I was struck with the mockery of j 
taking degrees in arts. I therefore thought it monr 
profitable seriously and conscientiously to examine 
myself; and then I perceived that I really knew 
nothing, or, at least, nothing that was worth 
knowing. I had, in fact, merely learned to talk 
and to wrangle, and therefore refused the title of 
Master of Arts, finding that nothing was sound, 
nothing true, and unwilling to be declared master 
of the seven arts, when my conscience told me 
I knew not one. The Jesuits, who then taugM 
philosophy at Louvain expounded to me the diift. 
quisitions and secrets of magic ; but these wert 
empty and unprofitable conceits ; and, instead of 
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grain, I reaped stubble. In moral philosophy, 
when I expected to grasp the quintessence of 
tmth, the empty and swollen bubble snapped in 
my hands. I then turned my thoughts to medicine, 
and having seriously read Galen and Hippocrates, 
noted all that seemed certain and incontrovertible ; 
bat was dismayed upon revising my notes, when 
I found that the pains I had bestowed, and the 
years I had spent, were altogether fruitless ; but 
I learned at least the emptiness of books and 
formal discourses and promises of the schools. 
I went abroad, and there I found the same slug- 
gishness in study, the same blind obedience to the 
doctrines of their forefathers, the same deep-rooted 
ignorance*." 

Van Hblmont was called by his contemporaries 
an insane enthusiast ; but there is, even in the very 
imperfectly-translated and brief quotation that I 
have taken from the history of his studies, a pro- 
pitious gleam of that dawn of improvement which 
was diffused over science by the genius of Lord 
Bacon. 

The doctrine of the chemical elements was in 
full vogue during the time of Van Helmont, Para- 
celsus, and Valentine, and salt, sulphur, and 

* JoHAnis Baptistje Vah Helmokt Opera omnia. Hafn, 
1707. The above extract is from the Studia Auihoru. p. 16. 
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mercury, are unequivocally mentioned as the uli 
mate component parts of almost all the forms of' 
matter. In the writings of Van Helmont, there 
are sundry allusions to the existence of aeriform 
bodies, and the word gm now in common use, anA 
applied to all aeriform matters differing froiBr< 
atmospheric air, first occurs in his pages : he alBfltj 
distinguishes between condensible gases or vapourst' 
and incondensible or permanently clastic fluids 
and, under the term gas sUvestre, he seems t^. 
comprehend what was afterwards called Jixed atri 
As to the general tenour of his writings, it is diflfti 
cult to separate the chemistry from the misce! 
neous matters, and, more especially, from thi" 
medical commentaries with which it is blended ; 
but they abound in hints and observations, which, 
if not original, are at least ingenious and acute. 
In his experiments on air, he seems to have argued 
very plausibly on its weight and elasticity; and haft; 
detailed with much precision, the effect of tempe* 
rature and pressure, in his description of the air 
thermometer. ' 

We have now arrived at the middle of the seven- 
teenth century, a period which was extremely 
fertile in chemical productions, in taking, how- 
ever, a comprehensive view of the writers of this 
age, there are a few only wliose labours deserve t* 
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be recorded as connected with the advancement of 
chemical knowledge ; that is, as having contributed 
by new views and discoveries to the progress of 
what may be termed the philosophy of the science. 
Tliey were generally mere recorders of insulated 
fiurts, or publishers of ill-digested and imperfectly- 
arranged catalogues of the various preparations 
that were used in the arts, and in medicine ; for 
the dread in which chemical preparations were 
viewed by physicians began now to decline ; the 
Materia Medica was filled with new and more con- 
▼enient forms, and the PharmacopoeuB published 
under the authority of different governments, were 
allowed to divulge the preparation of calomel, 
emetic tartar, and several other highly important 
and useful compounds. 

Among the writers of this period there is no one 
more rich in fiau^ts, and original in invention, than 
Glauber of Amsterdam. Kunckel was a success- 
ful promoter of chemistry applied to the arts ; he 
wrote on the production of phosphorus, and on the 
art of glass-making, and was a fisivourite at many 
courts of Europe, more especially with Charles XL 
of Sweden, who, in 1693, granted him letters of 
nobility. In 1673, Lemery, the elder, conferred 
much service on chemistry by bis dexterity as an 
experimentalist, and by the plain perspicuous style 
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in whicli he publicly taught the rudimeuts of the 
Bcience. The discovery of phosphorus belongs also 
to this period, and although of little interest per- 
haps in the abstract, it drew a host of inquireri 
into the precincts of the laboratory, and was pro- 
ductive of more extensive and important conse- 
quences than have generally been attributed to it. 

But, having perused such of these writers as I 
have been able to procure, there is no one for 
■whom I can so confidently ask attention, as 
Glauber; he was not a mere maker of experi- 
ments, but he reasoned sensibly and even acutely 
upon their results ; he occasionally oversteps thft 
bounds of modest argument, deprecates the vievrt 
of his contemporaries, and praises himself beyond 
all measure ; but this vitiated style was then in 
fashion, and unlike most of his contemporaries, hft 
has very sufficient claims to originality of inventioBt' 
His works were translated into English, and pul 
lished, as the title runs, " for public good, by th) 
labour, care, and charge of Christopher PackB,* 
Pktflo-Chemico-Medicus, in 1G89." 

Glauber was so laborious an experimentalist, 
and in his experiments there is so much originality, 
that it is difficult to select those which can strictly 
be called discoveries, and upon which his scienti6c 
character deserves chiefly to be fnimdcd. 
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The distillation of volatile alcali from bones, and 
its conversion into sal ammoniac by the aflfusion of 
spirit of salt ; the preparation of sulphate of am- 
monia, which he calls secret sal ammamac, and its 
conversion into common sal ammoniac by distilla- 
tion with common salt; the production of blue 
vitriol by the action of acid of vitriol upon the 
green rust of copper; the distillation of vinegar 
from woodt and the formation of a variety of salts 
useful in medicine and the arts, by its action upon 
alcaline, earthy, and metallic substances ; the dis- 
tillation of muriatic acid, or spirit of salt, from a 
mixture of common salt and acid of vitriol ; and the 
extraction of sulphate of soda, or sal nwrabiU 
from the residue of this experiment, are a few, and 
only a very few, of the truly important inventions 
and discoveries that crowd upon us in the perusal 
of the verbose pages of Glauber. Of these the 
production of vinegar of wood, and of muriatic 
acid, may perhaps be regarded as of the greatest 
interest and importance. 

The acid liquor produced during the destructive 
distillation of wood has lately become a manufac- 
ture of much importance, and is largely prepared 
by the makers of gunpowder, who obtain it as a 
result of their process for procuring charcoal. 

Glauber describes the distillatory apparatus. 
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which he calls " a press for extracting the juice 
of wood ;" he shews its condensation into an acid 
liquor; and directs the method of burning lime, by 
ranging layers of chalk, alternately with those of 
the wood. He also says, that by rectifying thi».j 
Bpirit, " a sharp hot oil, of a dark reddish colour, 
remains, and the vinegar passes over, fit for th£j 
preparation of medicines, and all other usss bt 
which common vinegar is applicable." The oil, he 
adds, is an admirable preservative of wood, and 
when saponified with alkali, forms a most valuable 
manure ; " a hogshead of which may be carried 
into fields and vineyards far remote, more easily 
than ten loads of common manure, which is carried 
to vineyards in rocky places with great difficulty^ 
As to the spirit, physicians may use this noble ai 
efficacious juice with great honour and profit ii 
the cure of many diseases hitherto incurable 
he highly extols an acid bath, made by due admi: 
ture of the vinegar of wood with warm water : h*i 
also shows the mode of concentrating it by expo- 
sure to cold, when " the phlegm only freezeth, but 
the sharp spirit remaineth in the middle of tl 
hogshead, so sharp that it corrodeth metals 111 
aqua-fortis." After many other shrewd and clev 
remarks respecting the tar of wood and its aei< 
Glauber closes his discourse fearing that it wi 
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not be believed by many, which, he says, he can- 
not help ; '' it contenteth me that I have written 
the truth, and lighted a candle to my neighbours.'* 
The preparation of muriatic acid, as now com- 
monly conducted, was first devised by Glauber ; 
he obtained it by distilling common salt with acid 
of vitriol, and gives a sufficiently clear account of 
the nature of the chemical change that ensues. The 
residue of this operation retains to this day the 
name of Glauber's salt ; or, as he termed it, sal mi- 
rabilc. Upon its virtues he has descanted at great 
length, and though in his history of this salt, its 
value and uses are preposterously exaggerated, his 
observations serve to shew the diligence and acute- 
ness with which he investigated its applications, 
and offer proofs of the extensive information 
which he possessed relative to many processes of 
agriculture and the arts. Salt, in short, was 
Glauber's fovourite element: ** It is,'' says he, 
'' the beginning and end of all things, and it in- 
creaseth and exalteth their powers and virtues : it 
is the true universal medicine ; not that I would 
have any man persuade himself, that in these 
words I would assert inmiortality, for my purpose 
tendeth not thither, seeing that I am not ignorant 
there is no medicine against death." And then, 
adverting to the opposition to chemical medicines 
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by contemporary physicians, he advises them not 
to envy those " who have received such divine 
gifts as his wonderful salt, nor to provoke the in-^ 
nocent Math their filthy calumnies and slanders, but 
to leave those things which exceed their capacities. 
Nothing/* he says, " can extinguish truth ; it may 
be prest, but cannot be overcome ; like the sutfs 
light it may be hidden, but not extinguished.** 

The directions he gives for the preparation of the 
^ tkirabile, and the account of its properties, are 
in general very correct. " Its colour ought to be 
white and transparent; its figure is in long strias 
or crystals ; its taste is like ice melting upon the 
tongue, and yields some bitterishness. Being dried 
in the fire, and all the moisture gone off, it will 
lose about three parts of its own body, and retain 
a fourth part only ; being dissolved in water, it will 
recover those three parts again. But, on the con- 
trary, if it shoot into a square figure, and hath as 
yet a saltish taste, and being dried, loseth but little 
of its weight, it is not wdrth a rush, and shows 
that either the oil of vitriol was not good, or ndt 
enough of it used in the operation. These things 
we would not bury in silence, that so we might 
well advise young beginners, and withdraw them 
from their errors." 

The present mode of preparing muriatic acid iM 
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almost exactly that devised by Glauber. In its 
pure state it was first obtained and examined by 
Dr. Priestley. The composition of this acid is a 
discovery of more modem date. The investiga- 
tion which led to it was commenced by Scheele, 
and perfected by our contemporaries, Gat-Lussac, 
and Davt. 

(jrLAUBER has great merit as an inventor and im- 
prover of chemical apparatus, much of which is 
depicted in the plates attached to his works. The 
form of distillatory vessels, commonly called 
Wom.FE'8 apparatus, is found in Glauber's Che- 
mical Furnaces ; and he contrived a very ingenious 
mode of heating large vessels of water by steam, 
and with great economy of fuel, a method now often 
resorted to. 

He published a pamphlet, entitled, The Consola- 
tion of Navigators, in tohich is taught how they who 
travel by Sea may preserve themselves from Hunger 
amd Thirst; and also from those Diseases which are 
want to happen in long Voyages. Written for the 
Health, Comfort, and Solace of all those who travel 
by Water for the good of their Country. The very 
sensible plan of employing extract of malt as a 
portable vegetable diet, and dilute muriatic acid to 
qoench thirst, is here recommended ; and many of 
die medidnal uses of the muriatic add are dwdt 
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upon at length, which have been claimed as recent 
discoveries. On the whole, there is no author con- 
temporary with Glauber, who has written so much 
to the purpose, and in whom we find such abundant 
anticipations of modern scientific improvements. 
He was cast in the true mould of an experimental 
chemist, and had he lived in a more propitious age, 
would doubtless have rivalled the eminence of 
ScHEELE and of Priestley. 



§IV. 

It is now time to advert to the early proceedings 
of the Royal Society, as connected with my pre- 
sent subject, a body incorporated by Charles II. 
in 1662, under a Royal Charter, for the improve- 
ment of natural knowledge. The period of the 
foundation of this Society was peculiarly favourable 
to its interests and objects ; the country, long dis- 
traded by that worst of all evils, a civil war, and 
afterwards oppressed by the military usurpation of 
Cromwell, was threatened, upon the death of the 
Protector, with the horrors of anarchy, when the 
restoration of Charles II. healed 9II divisions^ 
and checked the tide of revolutionary violence; 
Then was a propitious time to lead the rich and 
well-informed into the avenues of scientific in- 
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quiry, and to substitute the advancement of know- 
ledge for political speculation. Among the first 
members of the Royal Society are the names of 
many who were eminent in mathematical and phy- 
sical knowledge, and of more who afterwards be- 
came so ; they were vehement in favour of experi- 
mental science, which was then in its infancy, and 
soon acquired vigour by their support; and it is 
curious to observe among the most active and 
zealous promoters of these peacefnl studies, many 
who had been £mied as party leaders, or actively en- 
gaged in political intrigues and revolutionary broils. 
The early volumes of the Philosophical Trans- 
actions, of which the first bears date 1665, consist 
of small numbers, which were published at irregular 
intervals, and from their miscellaneous contents, 
may be compared to the scientific journals of these 
days. Exclusive of papers read before the Royal 
Society, they contain many scraps of literary and 
scientific value collected by the secretary, Mr. Ol- 
DENBUROH. The publication was continued by Drs. 
Grew and Hooke, but the latter discontinued it, 
probably from the sparing sale; and in 1683 we 
find Dr. Plot resuming the editorship, upon con- 
dition that the members would bind themselves to 
purchase sixty copies of each number. The Trans^ 
actions were periodically published, with Mme in- 
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termissions^ however, by the Secretaries of the So- 
ciety, till the year 1750, when the publication was 
put into the hands of a Committee of Papers ; and 
since the year 1762 a volume has annually made its 
appearance *. 

In 1666, the Royal Academy of Sciences was in- 
stituted at Paris, under Ihe protection of Louis XIV.; 
in its annals the names of Hombero, Geoffroy, 
and the two Lemerys, soon became celebrated for 
their various discoveries and improvements in che- 
mistry. Hombero f , under the auspices of the Re- 
g^Git Duke of Orleans, was an active and sue- 
<iessful experimentalist. He discovered the boracic 
acid, which he prepared under the name of seda- 
tive salt. He was also the discoverer of Pyrapho- 
rus. Gboffrpy deserves mention as an active and 
scientific contributor to pharmaceutical chemistry; 
he was also, I believe, the first compiler of the 
Paris PharmacopoBia. 

The early proceedings of the Royal Society of Lon- 
don present many traits of the infant state of expe- 
rimental science, and not a few absurdities might be 
selected from among them, the principal of which 
were lampooned by Sir John Hill, in his Review 
of the Works of the Royal Society of London. This 

* Thomson's History of the RoycU Society. 

t Born at Batavia, in Java, 1652; died at Paris, 1715. 
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period, however, was adorned with the names of 
BoTLB^ and of HooKEf ; the former a voluminous 
writer, of a most amiable temper and upright mind ; 
the latter, an original and acute experimentalist, but 
a peevish and distrustful man. 

Although Mr. Boyle cannot be said to have fa- 
thomed the depths of science, yet his station in 
life, his mild and prepossessing disposition, his 
strict honour and integrity, and the unaffected 
earnestness with which he promoted experimental 
inquiry, tended to shed a lustre on his pursuits, to 
elevate their character with the world, and to draw 
into their precincts many who, without such an ex- 
ample, would have passed their lives in that list- 
less inactivity, then too common with those upon 
whom fortune smiled; among them Mr. Boyle 
made many converts. '* It must be confessed,'* 
says his contemporary Evelyn, '* that he had a 
marvellous sagacity in finding out many usefiili and 
noble experiments. Never did stubborn matter 
come under his inquisition, but he extorted a con- 
fession of all that lay in her most intricate recesses, 
and what he discovered he as faithfully registered 
and frankly communicated. In this,'' says Evelyn, 
** exceeding my Lord Verulam, who (tho' never 

* Bom in Ireland, 1627 : died 1691. 

t Bora b the Isle of Wight, 1635 : died b London, 1702. 
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to be mentioned without honour and admiration) 
was used to tell all that came to hand. His se- 
verer studies did not in the least soure his conversa- 
tion, and I question whether any man has produced 
more experiments without dogmatising. He was a 
corpuscularian without Epicurus, a great and 
happy analyser addicted to no particular sect, but, 
as became a generous and free philosopher, pre- 
ferring truth above all ; in a word, a person of that 
singular candour and worth, that to draw a just 
character of him, one must run through all the vir- 
tues, as well as through all the sciences *." 

Mr. Boyle died in December, 1691, and his 
funeral sermon was preached by the celebrated Dr. 
Burnet, at St. Martin's Church, " in which,^ says 
Evelyn, " he spake of his wonderful civility to 
strangers, the greate good which he did by his ex- 
perience in medicine and chemistry, the works, 
both pious and useful, which he published, the exact 
life he led, and the happy end he made f .*' 

Upon the whole, it may truly be said of Mr. 
Boyle, that, though he enlightened and adorned the 
avenues of science, he scarcely enriched it; he 
wrote much, and generally to the purpose, but he ^ 
is rather the historian than the actor. It may be 

* Bray's Memoirs of Evelyn^ 2d edit. 4to., Vol. II., p. 268. 
t Md. Diary. Vol. 11. p. 30. 
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remarked, however, that in Boyle, and especially in 
his contemporary Hooke, we have the first genuine 
samples of the influence of Lord Bacon s doctrines, 
which actuated all their proceedings, and produced 
effects marvellously beneficial. Mr. Boyle's Essays 
on the successfulness and unsuccessfulness of ex- 
periments, and the preface to his philosophical 
writings, are in the genuine spirit of experimental 
research ; and Hooke, in the preface to the Micro- 
grapUa, has spoken much to the point, and in lan- 
guage so novel and bold in the then state of science, 
that upon perusing it, we are struck with the entire 
confidence which it bespeaks for his subsequent 
experimental details. 

After adverting to the deep-rooted errors that 
have been grafted upon science, by the slipperiness 
of the memory, the rashness of the understanding, 
and the narrowness of the senses ; and shewing 
that these failings may in some degree be obviated 
by the right ordering and rendering them duly 
subservient to each other, he proceeds to point out 
the means of tracing the footsteps of nature, *' not," 
as he says, '* in her ordinary course only, but also 
in her doublings and turnings ; and in this inves- 
tigation, upon which the desirable reform in philo- 
sophy is to be founded, there is not so much required 
any strength of imagination, or exactness of oiethod. 
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or depth of contemplation, as a sincere hand and 
faithful eye, to examine and to record the things 
themselves as they really appear." 

HooKE tlien goes on to lament that ** the science 
of nature has been too long made the work of the 
brain and of the fancy ; let it now revert," says he, 
*' to plain and sound observation, and let all intelli- 
gence be severely examined ; let there be rigow 
in admitting, strictness in comparing, slowness in 
debating, and shyness in determining. The under^ 
standing is to order all the inferior services of the 
lower faculties ; but yet it is to do this as a lawful 
master, and not as a tyrant. It must not encroach 
upon their offices, nor take upon itself the employ- 
ments which belong to either of them. It .must 
watch the irregularity of the senses, but not go 
before them, or prevent their information ; it must 
examine, range, and dispose of the bank which is 
laid up in the memory ; hut it must be sure to make 
distinction between the sober and well-collected 
heap, and the extravagant ideas and mistaken images 
which there it may sometimes light upon.'" This is, 
indeed, the language of Lord Bacon, by one who 
acted as he wrote, for Hooke was a most diligent 
experimenter, and has recorded his results with all 
that cautious sobriety which he advises. " If ever," 
he says, '' I have ventured at small conjectures 
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respectii^ the causes of the things 1 have observed, 
I beseech the reader to look upon them only as 
doabtfiil problems and uncertain guesses, not as 
unquestionable conclusions, or matters of uncon- 
futable science.** 

Among the new views and discoveries of Hooke, 
connected with chemistry, and many of which are 
scattered through the writings of Mr. Boyle, there 
are none of more importance than those relating to 
the phenomena of combustion, and to the part 
which the air performs in that process; and as 
we are now approaching an epoch of our history 
at which the appearances presented by burning 
bodies, and the changes which they undergo, were 
attentively examined and assiduously inquired into, 
and in which they were considered as one of the 
main objects of chemical research, it is right that 
we distinctly understand Hooke's notions upon this 
subject, which will be found wonderfully acute, 
and remarkable for their boldness, as differing 
from theories then received; and, for correctness 
as superseding the objections that the other views 
are liable to. 

From the obscure hints that are to be found in 
the writings of the alchymists, and from the more 
decided language of Basil Valentine, Paracelsus, 
and other writers of that cast, it appears that the 
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phohomena of combustion were generally referred 
to the existence of some subtile and highly volatile 
principle, which, expanded and agitated by heat, 
produced flame and fire. When metals were ex- 
posed to the action of heat, the greater number 
were observed to alter their appearance, and, losing 
metallic brilliancy, became converted into an earth- 
like residue, to which the name of Calx was given. 
It was generally admitted that, in this process, the 
particles of the combustible were thrown into violent 
vibrations, and so transmuted into heat and light; 
and such a supposition was natural enough, for it 
appears to a superficial observer, unacquainted with 
the powers of modern discovery, that the matter 
burned is, in the greater number of cased, entirely 
consumed, and th^t the principal products are 
light and heat. 

A tract, extremely remarkable for the period 
at which it was written, appeared on this subject in 
France about, or previous to, the year 1630, relating 
to the increase of weight sustained by tin and lead 
during their calcination. Le Brun having melted 
two pounds six ounces of tin, found that in six hours 
the whole had passed into the state of calx, weighing 
three pounds one ounce ; and being puzzled at the 
circumstance, he consulted Rey, a physician of 
Perigord, as to its causC; who immediately set about 
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an inTestigation of the matter, which terminated in 
explicitly referring the cause of the increase to the 
fixation of air ^. 

HooKB in his investigations, and Boyle by his 
experiments with the air-pump which was now 
just perfected and coming into use, succeeded not 
merely in demonstrating the important part per- 
formed by the presence of atmospheric air in 
combustion, but Hooke carried his inquiries still 
further ; and, in his mind's eye at least, seems to 
have seen and anticipated the results that were 
gained at a much later period of chemical science, 
and established upon a less questionable autho- 
rity. 

Boyle found that a candle, charcoal, sulphur, 
and some other combustibles, would not bum in 
the exhausted receiver of his air-pump, which 
however produced a very imperfect vacuum. When 
he had procured a good vacuum, he found that 
gunpowder would not inflame in it ; by collision 
of flint and steel, which he very properly attri- 
buted to the want of due heat in the sparks resulting 
from collision ; for on heating the powder violently 
by a burning lens, it exploded ; hence he thought 



* EstajfS de Jeah Ret, Docteur en MaUdne, sur la Reck 
de la Cause pour laqueUe VEstaui et le Plamb^ augmentent de 
gMOMd om let calcine. Paris, 1777. 
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the nitre w^s concerned in furnishing materials to 
supply the place of the air *• 

HooKE, in the sixteenth section of the Murographia^ 
relating to charcoal and burned vegetables, observes 
that, in the ordinary process for making charcoal, 
the consumption of the wood is prevetited by the 
exclusion of atmospheric air. The charcoal glows, 
it is true, but does not bum ; — hence, he says, may 
we learn, that the air is the universal dissolvent 
of inflammable bodies, — that this dissolution ge- 
nerates heat, which we call firej as is the case in 
many other dissolutions, — that this dissolution is 
made by a substance mixt with the air that is like 
unto, or the very same, as that which is fixed in 
saltpetre, — that of the burning body one portion 
is turned into air, and another portion is indissoluble, 
— that the dissolving parts of the air are but few, 
and hence the atmosphere is like those spirits that 
have much phlegm mixed with them, and become 
soon glutted; whereas saltpetre abounds more in 
those solvent particles, and hence a little will dis- 
solve a great sulphureous body quickly and vio- 
lently ; and as, other solvents, though but weak, 
quickly consume the dissoluble body, if the sup- 
ply be renovated; so air, applied to a shining 

* New experiments touching the relation betwixt flame a&d air. 
Boyle's Works. 4to, London, 1772. p. 563. 
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body by a bellows, will dissolve it as rapidly 
as saltpetre. From all which he concludes, that 
there is no such thing as an element of fire, but 
tfiat flame results from the mutual agency of the 
▼olatfle parts of combustibles, and a part of the 
atmosphere. 

These, although not the very words of Hooke, but 
an abridgment of them, contain their unadulterated 
sense, and present a permanent and remarkable 
monument of his sagacity and penetration; his 
expressions shew that he had experimented more 
largely upon the subject, but he was unwilling to 
extend his account of it till he had completely in- 
vestigated other parts of the inquiry ; he particularly 
alludes to the use of the air in respiration. I do 
not, however, find in any of Hooke's later produc- 
tions that he followed up the very interesting facts 
detailed in the Micrographia, though in his hampas, 
published in 1677, he has given a very beautiful 
explanation of the way in which a candle, bums ; 
he attributes the light and heat to the action of the 
air upon the combustible matter of the flame, and 
shews that the interior of the flame i| not luminous, 
by the simple expedient of viewing its section 
through a thin piece of glass, or of mica. 

The doctrines of Hooke, concerning the influence 
of the air in combustion, were further illustrated 
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by John Mayow*, who, in 1674, published hifl 
Tracts an various Philosophical Subjects. The date of 
this work is posterior to that of the Micrographh* 
but anterior to the Lampas, and it contains arguments 
very similar to those promulgated in the former work, 
without, as far as I have been able to find, any refer- 
ence to them, or even mention of Hooke's name. But 
Mayow's chemical fame need not be built upon his 
doctrine of combustion, for he has displayed un- 
common talents in various other branches of inquiry 
While these views were promulgating in England, 
and chemists were busy in endeavouring to raise a 
theory of combustion, independent of hypotheses* 
and founded upon experimental inferences only, 
BEccHERt and Stahl:{;, in Germany were at work 
upon the same subject, and succeeded in establishing 
an explanation of combustion, which afterwards made 
much noise abroad, under the name of the Phlogistic 
Hypothesis ; and when we revert to the researches 
whence this hypothesis arose, they carry with them 
so plausible and accurate an air, and appear so 
much less at variance with received doctrines, and 
known facts, that it is not surprising they should 
have been adopted in preference to the more abstruse 



• Born in Cornwall, 1645: died in London, 1697. 
t Born at Spires in 1625 : died in England, 1685. 
t Bora in Fraiiconia, 1660 : died at Berlin, 1734. 
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and, as they then appeared, hypothetical explana- 
tions of HooKE and Mayow. 

Bbccher 8 Physica Subterranea was published at 
Franckfort in 1669; I have endeavoured in vain to 
ccMne at the meaniDg of much of this publication ; 

bnt thus far I have learned, that he has anticipated 
the prevailing geological theories of the present day, 
and has argued upon many terrestrial phenomena, 
with a degree of plausibility and precision which 
will bear comparison with the more enlightened and 
learned views of Hutton and Playpair. 

His notion of the chemical constitution of bodies 
amounts to this: the elements of bodies are air, 
water, and three earths, one of which is inflamma- 
ble, another mercurial, and another fusible. The 
three earths, combined with water, constitute an 
imiversal acid, which is the basis of all other acids. 
The combination of two earths produce lapideous 
bodies; and, in the metals, the three earths are 
united in various proportions. I cannot pretend to 
explain or elucidate this doctrine, and have no 
further remark to make upon it, than to request it 
may be compared with the luminous experiments of 
HooxB, in order to set the merits of the latter in 
their true light. 

Towards the end of the seventeenth century, the 
opinions promulgated by Stahl attained umversal 

VOL. I. F 
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assent, and of the names of Hooke and Mayow, 
nothing was heard for more than half a century. 

Rejecting the mercurial earth of Beccher, Stahl 
retained as elements, water, acid, earth, and fire, 
or, as he termed it. Phlogiston^ a principle of ex- 
treme tenuity, and prone to a kind of vibratory 
motion in which it appears as fire. He went beyond 
Beccher in adducing experimental proofs of his 
hypothesis. When phosphorus is burned, it pro- 
duces an acid matter with the evolution of much 
heat and light ; consequently, phosphorus consists 
of acid and phlogiston : if this acid be now heated 
with charcoal, or other body abounding in phlogistoBt 
phosphorus will be re-produced. 

When zinc is heated to redness, it bums with a 
brilliant flame, and is converted into a white earthy 
substance or calx. Hence zinc consists of this 
earth and phlogiston. 

Now, it will be observed, that nothing is said 
here of the increase of weight which Rey attributed 
to the condensation of air, and which Mayow has 
as distinctly referred to the fixation of Hooxs's 
nitro-aerial particles. Nor is that obstacle taken 
into the account which Boyle's experimenta had 
suggested, and which Hooke is particularly fond 
of dwelling upon, namely, that bodies will not 
bum without sdr. 
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However, this hypothesis of Stahl, notwithstand- 
ing the increase of weight in the burning body, the 
requisite presence of air, and other bars against it, 
was immediately embraced by the generality of 
chemists, and maintained an unimpeached do- 
minion for upwards of fifty years, until shaken and 
upset by the arguments of Lavoisier, who availing 
himself of the discoveries of Scheele, Prievtley, 
and Black, brought an insuperable mass of evidence 
to bear against the doctrine of phlogiston. 

Tliat constituent of the air which Hooke had 
detected in nitre, and which Matow called its 
nitro-aerial particles, was, under the new tide of 
o^genf regarded as accessary to all caseii of com- 
busticMi. It was presumed that this aSrial matter 
comristed of heat and light, combined with a pon- 
derable base, which united with the combustible, 
conferring upon it new characters, while the other 
elements were extricated under the form of fire. 
But to this explanation two difficulties soon pre- 
sented themselves ; the one, that in many cases of 
combustion, aeriform matter, instead of being ab- 
sorbed and decomposed, is evolved and composed ; 
and the other, that the evolution of heat and light 
is not proportional to the volume of air condensed, 
but depends upon the rapidity of the condensation, 

and upon the nature of the combustible. 

r 2 
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These objections cannot be fully discussed, with- 
out a reference to the doctrines of heat, which now 
must not be entered upon. It has been endeavoured 
to explain them away, but these explanations are 
fraught with new difficulties. The aid of electri- 
city has been called in, but only with partial 
success ; and we must be content to consider com- 
bustion as a result of intense chemical action, the 
ultimate cause of which is still undisclosed* 

We may, however, glean some profit upon the 
field of discussion that we have passed over. It 
may teach us circumspection in adopting hypo- 
theses, and caution in deductions even from expe- 
riments ; while, in the views which have successively 
risen and vanished, in the confident security with 
which they have at one time been received, and 
the unceremonious neglect into which they have 
subsequently fallen, we have painted as it weitf 
before us, a striking memento of the frailty and 
insignificance of human exertions. 



§v. 

Mayow, whose name was mentioned in the last 
Section, coupled with that of Hooke, in researches 
concerning the influence of air upon combustion, is 
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tbe firsfwriter who divulged views worth recordiog 
opon tbe subject of respiration, and who has else- 
where displayed some shrewd guesses coocenung 
the causes and effects of chemical affinity. In 
die first case, he opened a communication be- 
tween chemistry nd physiology; and, in the 
latter, he extricated a most important and funda- 
mental branch of chemical philosophy irom the 
mire of felse reasoning, and planted it in the mea- 
dows of experimental research. 

Hatow was the ornament of his time and country 
as an experimental inquirer ; but, unfortunately, he 
seems to have fallen upon unpropitious ground, and 
his talents, instead of having been awakened by 
emulation, were damped by the coldest reception. 
Be was a native of Cornwall, and died at the early 
^e of thirty-five, at the house of an apoUiecary in 
Tork-street, Covent Garden. Dr. Bbddobs and 
m(»re lately Dr. Teats*, have each asserted his 
claims to several of tbe diacoveries attributed to 
modern experimenters, and they have in many 
points made out an irresistible case in his fiivour. 

At an early period of his experiments, Matow 
seems to have been struck with the analogy be- 
tween die phenomena of combustion, and those of 

* OhitTvaikmt m the Claimt of tkt Modem to lome Jhieoveriet 
i» duwuttry, &c By J. D. Tbats, M.D. LondoD, 1798. 
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respiration, and although many of his conclusioi 
are full of error, there are more which are corre 
and even refined. He burned a caudle under 
bell-glass, and found the air so deteriorated as 
be unfit for the continuance of combustion. I 
then confined a mouse in a ^milar portion of ai 
and it soon manifested the want of its renewi 
Then, by putting a mouse and a candle under tl 
same bell-glass, he found it live only half the tin 
that it had survived when under the glass alone. I 
then reversed the experiment, and endeavoured 
fire combustible matter in air that had been spoil* 
by breathing ; and finding that it would not bi 
he observes, that " the nitro-aerial particles a 
absorbed both by the candle and the animal *." 

Examining the residuary air standing over wa( 
after combustion, he found that it was a litl 
lighter than the atmosphere, and extinguished flai 
thus remarkably describing nitrogen by its prii 
pal properties, namely, that it does not supj 
pombustion, that it is not absorbed by water, 
that it is lighter than atmospheric air. 

When Mavow speaks of the destruction of 
ilasticitff of a portion of air, he alludes to its 
^rption by water; aud finding the carboQi? a 



' See the 1st ^d 2nd Tracts, de Sal-niCro. el Spirito f/it 
io, and dc Respirationc, 
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formed by reBpiration and combuBtion, to be thus 
absorbed, and its formation always connected with 
the loss of power to support flame, or of its nitro« 
aerial parts, he talks of restoration of elasticity by 
restoring the nitro-aerial matter. 

Besides the nitro-aerial part, or oxygen ; the ab- 
sorbable part, or carbonic acid ; and the remaining 
nitrogen ; Mayow obtained hydrogen gas by acting 
upon iron by dilute vitriolic acid ; and nitrous gas, 
by immersing the same metal in dilute aquafortis. 
Upon the whole, Mayow's experiments upon respi- 
ration, and upon the gases, are something more 
than ingenious. Considering the novelty of the 
subject, and the imperfection of his apparatus, 
they may be considered as surprising efforts of ex- 
perimental diligence, and his conclusions may be 
ranked as remarkable indications of a fruitful mind, 
not wandering amongst hypotheses, but settling 
upon the results of experiment. Not satisfied with 
having ascertained that one part only of the atmo- 
sphere supports life, he extended his inquiry to the 
subsequent influence of that part upon the system. 
It was the prevailing notion of his time that re- 
spiration cooled the blood, but having observed ir 
the nitro-aerial or fire-air particles, an essential t< 
flame and fire, he considered their absorptioa a 
necessarily connected with the heat of the blood 
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he observed an analogy between the respiration t 
animals and that of plants ; and to show the i 
istence of air in the blood, he had recourse to i 
air-pump, which, he says, extricates ; 
copiously from arterial than from venous blood. 

The most remarkable Chapter, however, 
Mayow's tract, is that relating to the " mutual 
action of salts of contrary kinds," or, in other 
words, to chemical combination and decomposition, 
a subject which he has handled in so masterly : 
manner, and which is so ably supported by experi 
ments, that although anticipated in respect to 1 
researches on the air, by Hooke, we must hei^ 
give him due credit as an original inquirer. 

It was imagined by those predecessors of Mayw 
who expounded their notions respecting chemici 
affinity, that bodies combined in consequence ■ 
certain mechanical forms of their particles ; 
that when an acid was added to an alcali, the salt 
produced was a perfectly new product, resulting 
from the annihilation of the particles of its 
ponents. It was not admitted, or at least not | 
rally admitted, that the acid and alcali existed 1 
such, and might again be separated from the i 
"tral salt. Matow first set about rectifying this 
gross error. When spirit of salt, he says, is mixet 
with sal volatUe, or, to use more intelligible ten 
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when mnriatic acid is saturated with ammonia, sal 
ammoniac is produced, in which, it is true, neither 
the properties of acid, nor of alcali, are apparent ; 
yet, if salt of tartar be distilled with sal ammoniac, 
the volatile alcali will be displaced with all its 
previous characters, because there is a greater 
attraction between spirit of salt and tartar than 
between spirit of salt and volatile alcali. Again, to 
show that the acid is not destroyed in saline com- 
binations, he instances the decomposition of nitre 
by oil of vitriol, which, he says, displaces the nitric 
acid, and the residuum in the retort furnishes vitri- 
olated tartar. It may be asked, he says, why, when 
nitre is heated, the nitric acid does not rise, for it 
is, as we have just seen, very volatile ; the reason is, 
that it is restrained and kept down by its attraction 
for the tartar, and can only be displaced by bodies 
which have a stronger attraction for tartar than it 

This is very excellent reasoning, and it would be 
diflicult, with all the advantages of modem acquisi- 
tions, to adduce two more iUustmtive cases than 
those which Mayow has furnished. 

He then goes on to show, that acids have a 
greater attraction for alcaiies than for metals. The 
metals, he says, are soluble in one or other of the 
acids, but their solutions are decomposed by salt of 
tartar ; the acid then combines with the tartar. 
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and the metal is precipitated. In the same way 
alcali unites to sulphur; but if this combination I 
dissolved in water, and acid added to the solutiod 
the sulphur falls, and the acid and alcali unite. 

Combinations of the metals with sulphur are ala 
decomposed by acids ; thus if sulphuret of antimoiK 
be distilled with aquafortis, the acid and metl 
combine, and sulphur sublimes. 

Having given other similar instances of the con) 
bination of sulphur with metals and alcalies, 
proceeds to some general views connected will 
the subject, among which the following deser 
particular notice. 

Although, he says, sulphur enters into these cort 
binations, we are not to imagine, as some have dom 
that sulphur includes an acid, and thence derives i 
powers of combination, in consequence of its conU 
ing an opposite nature : On the other hand, it i 
clear, he adds, that the combination is independa 
of any such hidden cause, and is the mere result \ 
the mutual affinity of the substances. He 
cautions those concerned in the compounding i 
medicines, to beware of the new compounds 1 
may result in consequence of these mutual attri 
tions and decompositions, for " one substance i 
destroy tlie efhcacy of another, and somethiif 
perfectly different from the original may result." 
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It is curious, he rema^, that when acid of vitriol 
is poured upon salt of tartar, so as to form vitriolated 
tartar, a great effervescence ensues ; but if the acid 
be previously combined with a metal, this is not 
observed, and yet vitriolated tartar is equally formed ; 
as when salt of tartar is added to solution of green 
vitriol. In these cases, he says, the acid part of the 
salt of tartar is retained by the metal, thus giving 
a curious and explicit account of a frequently- 
occurring case of double decomposition. 

These views, relating to chemical attraction, are 
at <mce clever and correct, and their merit will be 
especially enhanced by a comparison with the 
absurd and groundless speculations previously en- 
tertained upon this subject, which, indeed, are too 
crude and silly to merit repetition. But Mayow 
has other and more weighty evidence in his favour, 
for it is remarkable that his views and language 
were adopted by Newton, and that the masterly 
sketch of a theory of chemical attraction given by 
that philosopher in the Queries annexed to the 
tkird book of optics, is nearly in the language, and 
i|aite in the spirit and meaning, of his predecessor 
Mayow. The following are a few of the points 
urged by Newton in the explication of these phs- 
QQioena: 

If carbonate of potash be exposed to air it deli- 
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quesces, in consequence, says Nkwton, of 
traction between the salt and the particles o: 
contained in the atmosphere. And why does not 
common salt and saltpetre deliquesce in the same 
way, except for want of such attraction ? 

And again, where he especially comes in coni 
with Mayow, he says, when spirit of vitriol, poured 
upon common salt or saltpetre, makes an ebuUition, 
and affords on distillation the muriatic and nitric 
acids, the acid part of the spirit of vitriol staying 
behind, does not this argue that the fixed alcali in 
the common salt and saltpetre attracts the acid 
spirit of the vitriol more strongly than its o' 
spirit, and not being able to hold them both, lei 
go its own? How these attractions may be pi 
formed, continues Newton, I do not here consider' 
what I call attraction may be performed by ii 
pulse, or by some otber means unknown to me : 
use that word to signify any force by which bodii 
tend towards one another, whatever be the caui 
Thus, he says, muriatic acid unites to salt of tari 
by virtue of their respective attractions; but whofrj 
oil of vitriol is poured upon this compound, the 
former acid is displaced by the superior attracti(Hi 
of the latter. Silver is separated from aquafortis 
by quicksilver, quicksilver by copper, and copper 
by iron, which argues that the acid particles of 



aquafortis are attracted more strongly by iroa than 
by copper, by copper than by quicksilver, and by 
quicksilver than by silver *. Thus, theu, chiefly by 
the experimental labours of Mayow, and the saga- 
cious views of Newton, the old and prevailing no- 
tions of the atomic forms of bodies, the hypothesis 
of hooks, rings, points, and wedges, by which the 
component parts of bodies were supposed to be 
held united, gave way to the simple and indepen- 
dent expression of facts. 

It has often been said, that the anticipations of 
modern discoveries which could alone be demon- 
strated by the progress of experimental research, 
are very characteristic of the writings of Newton, 
and the proof of his superior sagacity and penetra- 
tion : he said that the diamond consisted of inflam- 
mable matter, and suspected the existence of a 
combustible element in water, very long before 
either of those subjects had been experimentally 
investigated ; and in his notions relating to the 
subject of chemical attraction, he has an anticipation 
not less striking, relating to the connexion between 
chemical and electrical attraction. ' " The attraction 
of gravity, magnetism, and electricity reach to very 
sensible distances, and so have been observed by 
vulgar eyes ; and there may be others which reach 

• NewtoVs Optica, Book HI. Query 31. 
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to SO small distances as hitherto to escape obser- 
vation, and perhaps electrical attraction may reach 
to such small distances without being excited by 
friction*." 

I shall conclude this subject, with some account 
of the progress that has been more lately made in 
elucidating the doctrines of chemical attraction. 

In 1718, GfiOFFROYf invented those tables of affi- 
nity which are now given in elementary works, and 
which have certainly proved of service in extending 
chemical knowledge; he considered the order in 
which bodies separate each other from a given 
body, as permanent and constant. Thus, he thought 
the metals were always separated from acids by the 
absorbent earths, these by volatile alcali, and the 
volatile by the fixed alcalis ; to represent, therefore, 
the attraction of acids for these substances, he 
placed them at the head of a column, with the other 
bodies beneath, in the order of attraction. 

'Acids. 

Fixed alcalis. 
Volatile alcali. 
Absorbent earths. 
Metals. 

He then constructed a column for each par* 
ticular acid; thus, the table for nitric acid taken 

* Optics. Book III. i Mem. Paris, 1718. 
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from Newton's experiments would stand as fol- 
lows : 

Nitric Acid. 



Fixed alcali. 

Volatile alcali. 

Earths. 

Iron. 

Copper. 

Lead. 

Mercury. 

Silver. 

Gellert and Limbouro, in 1751 and 1758, ex- 
tended and, in some respects, improved these tabu- 
lar representations of the results of attraction ; but 
no considerable progress was made in the inves- 
tigations connected with the subject, until Bergmak * 
published his dissertation upon it in 1775. 

Of Bergman s character and merits as a che- 
mist, I shaU speak more at length hereafter, con- 
fining myself at present to the views which he en- 
tertained upon the subject of affinity, or, as he 
called it electhe attractionli. 

Bergman considered that every substance pos- 
sessed a peculiar attractive force for every other sub- 
stance with which it combines a force capable of 
being represented numerically ; he regarded de- 

* ToRBERK Bergman, bora in Sweden, 1735; died 1784. 
t De AttracHmbus Electivis. 'Opuscula, Vol. III. p. 29 1 • 
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composition as complete ; that is, whenever a third 
body c is added to a compound a, b^ for one of the 
constituents of wliich it has a stronger attraction 
than that which already exists between them, the 
compound will be decomposed, and the whole of one 
of its elements transferred to the added body. Thus, 
suppose the attraction of a for b to be represented 
by 1, and of a for c by 2, then the addition of c to 
a b will produce the compound a c, and b will be 
separated. When lime-water is added to nitrate of 
magnesia, the letter earth is precipitated, and the 
former combines with the nitric acid. Hence, nitric 
acid, poured upon a mixture of ]ime and magnesia, dbh 
solves the former^ in preference to the latter eartL 
The observation of these facts led Bergman to 
call this kiod of attraction elective, and he has given 
tables, shewing these relative attractions of bodies 
in the dry and humid way. Thus, 



Silver. 


Oxide of Silver 


Lead, 


Sulphuric acid. 


Copper, 


Oxalic, 


Mercury, 


Phosphoric, 


Bismuth, 


Nitric, 


Tin, 


Tartaric, 


Gold, 


Citric. 



Bergman's opinions relating to affinity were ge- 
nerally admitted as correct, and considered as 
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standard authority, till Berthollet published his 
work OH Chemical Statics in 1803, in which he 
endeavoured to revive, under a new aspect, some 
of the old chemico-mechanical doctrines, and to 
prove that the forms of the acting particles, and 
their magnitude,, or masses of matter, were con- 
cemed in influencing the results. Though these 
doctrines may now be considered as exploded, they 
had many advocates, and were rapidly gaining 
ground; until the promulgation of the theory of de- 
finite, proportionals. The experiments adduced by 
Berthollet in support of his hypothesis, appeared 
at first very satisfactory ; but upon minute inspec- 
tion they have their weak points, and many of the 
errors into which they led have been successfully 
unravelled by Professor Pfafp, of Kiel ; by Sir H. 
Davy ; and others. In illustration of the agency of the 
mass of matter, Berthollet has adduced the mutual 
action of sulphate of potassa and baryta : when solu- 
tion of baryta is added to sulphate of potassa, po- 
tassa is liberated, and sulphate of baryta is formed 
and precipitated insoluble ; but if a large quantity 
of potassa be added to a small quantity of sulphate 
of baryta, the mass will, according to Berthollet, 
prevail over what appears to be the real chemical 
affinity, and sulphate of potassa will be formed, and 
baryta evolved. But Sir H. Davy has very inge- 

vol I. G 
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niously exposed the fallacy to which this experi- 
ment is liable : he has shown that pure potassa does 
not effect any change upon sulphate of baryta, 
but that making the experiment in open vessels, 
part of the potassa acquires carbonic acid, and then 
a double affinity is brought into action, the bodies 
present being carbonate of potassa and sulphate of 
baryta** 

Bertholl£t's notion that the acting bodies are 
divided among each other, in proportions depend- 
ing upon their relative masses and attractions, has 
been combated and disproved by Pfaff t» who has 
shown that tartrate of lime is completely decom- 
posed, by adding to it a quantity of sulphuric acid 
exactly sufficient to saturate the lime it contains ; 
and in the same way he has shown that oxalate of 
lead is decomposed, by adding sulphuric acid suf- 
ficient to saturate the oxide of lead ; in these cases 
pure tartaric and oxalic acids are evolved. 

But the establishment of the Atomic Theory, from 
which we learn that bodies combine only in certain 
definite proportions, has gone further to elucidate 
the very important subject of chemical attraction, 
and to subvert the doctrines of Berthollbt, than 
any previous objections or partial experimental in- 

* Eletnents of Chem. Philos. p. 119. 
t Annaies de Chimie. LXXVII 
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vesti^tioiis. In establishing this theory all the 
eminent chemists of Europe have ta|:en an active 
part, so that it becomes very difllcult to assign to 
each hia individual merit. 

Between the years 1792 and 1802, Dr. Richter^, 
of Berlin, published his Geometry of the Chemical 
EUments, containing a series of tables, showing the 
weight of each base, capable of saturating one hun- 
dred parts of each acid ; and the weight of each acid 
capable of saturating one hundred of each base. He 
observed, that in all these tables the bases and the 
acids followed the same order : and further, that the 
numbers in each table constitute a series having 
the same ratio to each other in all the tables. Thus, 
supposing in the table of sulphates, one hundred 
parts of acid were saturated by one hundred of soda, 
two hundred of potassa, and three hundred of 
baryta ; then in the table of nitrates the same ratio 
would hold good, and the soda, potassa, and baryta 
would there also stand to each other in the relation 
of one, two, and three. 

Thus was explained, why when two neutral salts 
decompose each other, the newly formed salts are 
also neutral ; for the same proportion of bases that 
saturate a given weight of one acid, saturate a given 



' * AnfangMgrunde der Stochiometrie oder Messkunst Chem$di€r 
ElemenU. 
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weight also of all the other acids. Hence numbers 
may be attached to each acid and to each base, in- 
dicating the weight of it, which will saturate the 
numbers attached to all the other acids and bases. 
Upon this principle, elementary works on che- 
mistry contain tables of the representative numbers 
of bodies; and upon the same principle, Dr. Wol- 
LASTON*, by adapting such table of numbers to 
a moveable scale, on the principle of Gunter's 
sliding rule, has constructed the logometric scale of 
chemical equivalents^ which is so important and va- 
luable an instrument to the practical chemist. 

Mr. HiooiNs, in 1789t, and Mr. Dalton, in 
1804:]:, called the attention of chemists to the definite 
proportions in which bodies unite that form several 
compounds. Thus, seventy parts of potash unite to 
thirty of carbonic acid, and to sixty, but not to any 
intermediate proportions. If we represent the 
weight of nitrogen by thirteen, it will form the fol- 
lowing compounds with oxygen : 

Nitrous oxide 13 + 7,5 oxygen. 

Nitric oxide 13 + 15. 

Hyponitrous acid 13 + 22,5. 

Nitrous acid 13 + 30. 

Nitric acid 13 + 37,5. 



♦ Philos. Tram. 1814. 

t Comparative View of the Phlogistic and Anti-phlogistic Theories* 

I New System of Chemical Philosophy, 
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observations apply to all other bodies, 
and it was hence that Mr. Dalton was induced to 
assert, that these proportional numbers represented 
the respective weights of the atoms of combining 
bodies ; and one atom of nitrogen was said, in the 
above case, to combine with one, two, three, four, 
and five atoms of oxygen. 

In selecting the body which should be assumed 
as unity in this numeric representation, Mr. Dal- 
ton adopted hydrogen ; and I am induced, for se- 
veral reasons, to follow his example, though there 
is weighty authority in favour of oxygen. 

In applying the theory of definite proportionals 
to aeriform bodies^ Gat-Lussac^ has considered 
them as determinable by volumes, a view which 
clashes with parts of Mr. Dalton's atomic hypo- 
thesis, but which may be adopted, independent of 
hypothetical views, as a beautifiil expression of facts. 



§VL 

Before we proceed with the regular thread of 
our historical narrative, which is now carrying us 
into that eventful period for chemistry, and indeed 
for the progress of all the sciences, the first half of 



Memoires d'Arcueil, II. C07. 
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the eighteenth centory, it is requisite rapidly to 
review some collateral investigations which occu- 
t>ied the philosophers of the seventeenth century, 
and which though not strictly chemical, contributed 
much to the progress and perfection of some of the 
more difficult and abstruse branches of that dep«^^ 
ment of knowledge. 

Of these inquiries it will especially be right to 
notice such as relate to the phenomena and effiecte 
of heat, which, in consequence chiefly of the inven^ 
tion of the thermometer, were pursued with a de^ 
gree of ardour and success, highly creditable to 
the diligence and sagacity of the individuals oon- 
cemed. Among them, Mr. Boyle, to whom I have 
hitherto made but slight allusion, is entitled to parti- 
cular praise ; and though his inquiries are blended 
with much irrelevant and miscellaneous digression, 
they contain materials amply important and interes^ 
ing; materials which paved the way for some of the 
most eminent achievements in chemical science. 

It has been disputed to whom the honour of 
inventing the thermometer belongs ; some have given 
it to Cornelius Drebbel'*^, and some, with more plau- 
sibility, to SantorioI of Padua. But, when we re- 



* Born m Holland, 1572 : died in London, 1634. He is alio 
laid to hove invented the microscope, 
t Born at Capo d'lstria, 1561: died at Venice, 1636. 
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fleet upon the imperfeetion and comparative use- 
lessness of the instrument attributed to those elaim- 
aatfly and when the construction of the tiiermometer 
now in use may be indisputably referred to the 
Florentine Academicians, the disputes respecting 
priority become of little importance. Air was first 
used as a means of exhibiting, by its expansion and 
contraction, the alternations of heat and cold; and 
Van Helmomt has described, with some minuteness, 
several modifications of the air thermometer*. 

But however valuable such thermometers may be 
for particular purposes, they are rendered extremely 
inconvenient by the rapid and great dilatability of 
air by moderate changes of temperature ; besides 
which, it is ahnost impossible to construct air ther- 
mometers so as to agree among themselves in indi- 
cating the same degree, when applied to bodies of 
similar temperature. 

The Academicians del Cimento were the first 
to em{^oy thermometers constructed as we now see 
them. They used tubes, with a bulb containing spirit 
of wine, and closed so as to exclude the influence of 
air, and prevent the evaporation of the liquid. 

This thermometer, though much superior to, and 
more useful than the old air thermometer, was yet an 
useless instrument, if we speak of it comparatively 

• Opera Omniay Art. Aer, p. 61. 



«» 




HISTuILV of CHEMlSTKr 



with those now constructed; for. there being no 
fixed point at either extremity of the scale, the 
graduation was arbitrary, and no two instruments, 
when placed in an atmosphere of the same tem- 
perature, indicated the same degree of heat. 

There is some confusion in this part of the history 
of the thermometer, for, though the Florentine 
Academicians state that their scale generally com- 
menced at the temperature of freezing, they 
present that point by various terms or degrei 
unsusceptible of comparison, and say nothing of the 
ditfering temperature of ice, which may exist at 
32°, or any inferior degree. In Italy, however, it 
is most probable that the ice was in a thawing state, 
and therefore about 32^ of Fahrenheit's scale 
all registers of the weather, and all enumerations 
high and low temperatures are quite unintelligibh 
as recorded by experimentalists of that period 

" The great and truly honourable Mr. Boyle" turn- 
ed his mind with much earnestness to the construc- 
tion of a scale for thermometers, and seems to have 
had it in contemplation to set out with the tempera- 
ture at which water begins to freeze ; " but the obji 
tions which he apprehended might be made to tl 
method scared him so much," says Dr. Martins 
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• Ettays Medical and Philosophkal. By Gborge MAitTtit|i| 
M.D London, 1740. 
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" that he prosecuted no farther this consideration of 
fixing a standard for making and graduating thermo- 
meters, all in the same way." Dr. H alley* observed, 
that the same thermometer always indicated the same 
temperature in places deep under ground, where nei- 
ther the heat of summer nor the cold of winter, seem- 
ed to produce any effect, and Marriotte and De la 
Hire had made the same remark upon thermometers 
placed in the caves of the observatory at Paris. 

But, according to Martike, whose authority, as 
far as I have been able to trace his references, is, 
in most respects, very exact, gives Dr. Halley the 
merit of fixing upon the boiling point of water as a 
standard of graduation, which elevates the quicksil- 
ver in the thermometer tube always to a given point, 
under given barometrical pressure ; and the mean 
pressure of 30 inches of mercury is generally un- 
derstood to be that to which our thermometers are 
graduated. Sir I. Newton employed the freezing 
and boiling of water as fixed points, but he used 
linseed oil to fill his tubes, a liquid inconvenient 
from its viscidity, and from the irregularity of its ex- 
pansion. Alcohol was first used by the Florentine 
Academicians, because it is very sensible to 
changes of temperature, and remains clear in the 
tube ; but, since its boiling point is much below 



• PhU. Trams. Abr. II. p. 36. 
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that of water, it is useless for the measurement of 
high temperatures, though, from not freezing, ad- 
mirably suited to indicate extreme cold. 

For general convenience and equability of expan* 
sion, mercury, first used, I believe, by Dr. Hallbt, 
takes precedence of all other liquids. It bears nearly 
a red heat before conversion into vapour, and sus- 
tains the most intense cold of these latitudes without 
freezing ; hence it is the liquid generally used for 
accurate and delicate thermometers. 

The priacipal thermometric scales in use in Eu* 
rope are, Fahrenheit's, which commences at the 
temperature produced by mixing snow and Bait, 
and which is 32^ below the freezing of water, so that 
the latter point is marked 32^ and the boilic^ point 
212% the intermediate space being divided into 172^: 
Reaumur's, in which the zero is the freezing point, 
and 60^ the boiling point: and the Centigrade in 
which the space between the freezing and boilini^ 
of water is divided into 100°. 

There are some other circumstances connected 
with the construction and indications of the thermo- 
meter, which I at present pass over, reserving them 
for notice till we consider the more refined inves- 
tigations relating to the subject of heat, which were 
undertaken at a subsequent period ; in the mean time 
we may advert to the discovery of a very singular 
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property possessed by water, which, as £sir as cchi- 
cems the influence of heat upon it, distinguishes it 
from all other liquids. This anomaly was first 
observed by the Florentine Academicians, who 
have given the following account of the expe- 
runent : ** We know," they say, '^ that water, in 
passing into the state ofice, suffers great expansion, 
a&ct sufficiently evident from the violence with 
which various vessels are broken and rent asunder 
during the freezing of water in them ; but it was not 
known to «s, at what particular period of refrigera- 
tion this expansion occurs ; nor could we learn it 
from our former experiments, which were made in 
vessels of silver, gold, brass, and other strong, but 
opaque, materials. We, therefore, now employed 
glass flasks, and observed that the moment they 
were immersed in ice, the water in the neck of the 
flask was suddenly elevated, that it then began gra- 
dually to Ml, and at length remained ibr a few 
moments quite stationary ; then it began again to 
rise with a slow, but apparently equable progress at 
first, but afterwards sprung up so suddenly, that 
the eye could scarcely follow it*." 

In Birch's Hhtory of the Royal Society^ under the 
date of the 6th of February, 1683, we find some 



* Saggi di NaimraU JEsperitnze faUe nelT Accademia del 
Firenze, 1G91. 
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experiments on the freezing of water made before 
that body^ in consequence of a letter received from 
Mr. MusGRAVE, of Oxford. '^ Dr. Croune said, he 
had observed water put into a bolt-head rise higher 
before freezing. Mr. Hooke attributed this to the 
shrinking of the glass. Dr. C. said, the glass had 
been long in the cold before, and the water rose 

immediately. Dr. Wallis proposed that an empty 
glass might be well cooled in a freezing liquor, in 
order that it might have its contraction before the 
water be put into it. This was done immediately 
by Mr. Hunt, and the water being put into a small 
bolt-head rose in the neck." 

Numerous and correct experiments have com- 
pletely established this peculiarity in the freezing of 
water ; all other fluids have their maximum of den- 
sity just before the freezing point ; water expands 
before it freezes, and consequently water at 36® is 
lighter than water at 40®, and floats upon its sur- 
face ; hence it is, that large masses of water, being 
cooled by the atmosphere upon their surface, only 
freeze there, and the water beneath retains the more 
congenial temperature of 40°. 

Among the experiments made by the Accademia 
der Cimento, we find many details independent of 
those already adverted to, which are at once accu- 
rate and curious, and especially I think in that sec- 
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tion of their T^nsactians, entitled. Experiments re- 
lating to Ice. In the 6th experiment of this section 
they notice the effect of various metallic vessels upon 
the thawing of ice; they found it was longer preserved 
in lead and tin than in similar vessels of brass and of 
iron ; and that it soon thawed in gold, and sooner 
in silver. This enumeration of the metals is in the 
inverse order of their conducting power, as was 
ascertained more than a century afterwards by Dr. 
Inoenhousz. 

The radiation, reflection, and refraction of heat, 
are subjects of inquiry which also probably en- 
gaged much of the attention of the Florentine ex- 
perimentalists, but their published essays contain 
scarcely any details relating to them. In the ninth 
experiment, however, of the above quoted section, 
they have given an account of a discovery that has 
recently excited much discussion, relating to the 
reflection and radiation of t^old. '' We were anxious 
to try if a concave mirror, placed before a mass of 
ice, weighing five hundred pounds, caused any re- 
flection of cold upon a very delicate thermometer 
placed in its focus ; and truly it began immediately 
to fall ; but in consequence of the vicinity of the 
ice, it was doubtful whether the effect resulted from 
the direct or from the reflected rays ; we, therefore, 
covered the mirror, and whatever was the cause. 
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certain it is, that the spirit began immediately to 
rise again. With all this, we do not mean positiYcly 
to affirm, that no other cause could have produced 
such an effect than the absence of the rays reflected 
from the mirror, for we were not careful in adopt* 
ing all the precautions requisite in such an experi- 
ment ♦/' 

MuscHENBROEK, DE Mairan, and others, have 
concluded from these and other experiments, that 
cold is not the mere absence of heat, but a distinct 
form of matter possessed of specific properties. 
Sometimes it has been talked of as a substance of 
a saline nature, floating in minute particles in the air, 
and occasioning the congelation of water, by intrud- 
ing themselves among its particles. Now, although 
we cannot adopt such a conclusion, which is not at all 
called for by the phaenomena, we shall presently find 
it plausible to conjecture that ice and other odd 
bodies do radiate matter, which is capable of excitii^ 
the sensation of cold in circumjacent bodies. 

To get rid, however, of such an hypothesis, it 
has been conjectured that the effect of the ice is to 
disturb the balance of temperature in the surround* 
ing bodies, and consequently to cause a chasm, as it 
were, into which they immediately pour their excess 

* Saggi above quoted. See also Waller's Translation of tki 
Esiays of tke Academicicms del Cimento, 1684. 
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of heat; among these is the thermometer, which con- 
sequently indicates cold : but although such an expla- 
nation might suffice in respect to the mere approxi- 
mation of the ice to the thermometer, it is lamely 
applicable to the case of radiation. 

Sir H. Davy says, '* the apparent radiation of cold 
is in harmony with the phaenomena of the reflection of 
the solar beams ; for if it be supposed that rays ca- 
pable of producing heat emanate from all terrestrial 
bodies, but in quantities greater in some increasing 
proportion as their temperatures are higher, then 
the introduction of a cold body into the focus of one 
mirror ought to diminish the temperature of a ther- 
mometer in the focus of the other, in the same 
maimer as a black body placed in one focus would 
diminish the quantity of light in the other focus : 
and the eye is to the rays producing light, a mea- 
sure similar to that which the thermometer is to rays 
producing heat*.'' 

Considering the phsenomena of reflection and of 
radiation in general, it appears necessary to admit, 
that the temperature excited by radiant matter va- 
ries with its source, and that all substances must 
necessarily be considered as producing these ema- 
nations. If we approach a heated surface we feel 
the radiant heat; if the surface be of the same tern- 



* EUmenit of Chemical Philoiophy. p. 206. 
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perature as ordinary circumjacent bodies, or of a 
temperature between 40° and 80°, we feel, perhaps, 
nothing remarkable ; yet such a surface does ac- 
tually radiate matter of its own temperature, as 
shown by approaching it with a cooler thermome- 
ter : if the surface be of ice or colder- materials, we 
feel upon approaching it the sensation of cold, de- 
pending evidently upon the emanation of cold ra- 
diant matter, since it is susceptible of reflection by 
the mirrors. We are further to consider, that the 
terms heat and cold are merely relative. We may 
suppose that in an atmosphere heated to 400% boil- 
ing water would radiate (comparatively speaking) 
cold ; and in the same way ice at 32° would radiate 
heat in an atmosphere very much below the freezing 
point. In some late researches conducted with the 
aethrioscope, Professor Leslie has shown that un- 
der certain aspects of the heavens, cold frequently 
radiates from the clouds to the earth, and we must 
all have occasionally experienced, on looking to- 
wards the sky, a sensation of cold descending 
upon the face. 



§VII. 

From the preceding details some idea may be 
formed of the state of chemistry at the close of tbe 
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serenteenth century. As an art, we hare seen with 
what saccess and diligence it was cultivated by 
Basil Valentine and Glauber; and how ably 
and eagerly it was pursued as a science by Mayow 
and HooKE. To these philosophers, and to a few 
of their companions, we not only owe the materials 
that were arranged and embodied by their earliest 
successors in the eighteenth century, but we are to 
ascribe also to them the merit of founding scientific 
chemistry ; of laying the basis upon which the su- 
perstructure of modem chemical science has been 
raised* The importance of multiplied observations 
and experiments, the application of chemical prin- 
ciples to agriculture, and the aid to be derived 
from them in several arts and manufactures, as well 
31^ in many departments of domestic economy, are 
to be learned in the writings of Glauber; while 
Basil Valentine and Van Helmont have shown the 
necessity of studying pharmacy on chemical princi- 
ples, and have applied, with much success, the 
doctrines learned in the laboratory, to the prepa- 
ration of many invaluable medicines, which have 
fecilitated the treatment and cure of disease ; nor 
were the quackery and eccentricities of Para- 
celsus unemployed in this reformation: In that 
age, example was .more efficacious than precept ; 
and those who witnessed the cures which he per* 
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formed, enlisted under his banner, and were equall 
vehement with their leader in combating the doi 
trines of the Galenical school of physic, and buI 
stituting those of the chemical sect. 

If we look at the scientific generalizations of nu 
dern chemistry, and more especially at the theorii 
of combustion and acidification, so diligently pr< 
mulgated as original by the French school, aboi 
the middle of the last century, we find them n< 
anticipated merely, but even minutely explained, t 
BoYLB, HooKE, and Mayow, who flourished aboi 
an hundred years before Lavoisier; and Mavow, i 
his researches into the laws and phsenomena of cli 
mical afiSnity, seems to have trodden upon groui 
which even Newton explored as his own. In t] 
history of chemistry, we perceive perhaps moB 
than in any other branch of science, the different 
roads by which the human mind arrives at the same 
conclusions ; but we are not therefore to consider 
those conclusions as unavailing, because anticipal 
the very circumstance of attaining them by diffen 
means, justifies the search ; and he whose invei 
gations disclose new views, and unfold new truths, 
may rest satisfied that he has not laboured in Tai 
because he ultimately arrives where others hi 
been before him. In estimating however the 
merits of chemical discoveries and inventions, 
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more especially in determining the excellence and 
originality of theories, it is requisite to look to their 
soorces, to examine the steps which lead to them, 
and the paths by which they are surrounded, and 
upon that examination to found our opinion. 

The leading feature and important novelty of 
the science, as influencing its progress in the last 
centory, was certainly the discovery of gaseous 
bodies, and the perfection of pneumatic chemistry ; 
without which, analysis could have made little 
pit^^ress, and, independent of which, all improve- 
ment in theory would have been but lame and 
' ineffectual; it was also materially, though less 
directly assisted by those investigations respect- 
ing the agency of heat, in which Dr. Black 
made himself so eminently conspicuous. 

Though something is due to Matow, we must in 
justice confer the merit of founding pneumatic che- 
mistry upon Dr. Stephen Hales*, whose researches 
came before the public very early in the last cen- 
tury* ** He refused a canonry of Windsor, that 
he might omtinue to devote himself to his parochial 
' duties and fiaivourite scientific pursuits ; and, as 
piety, truth, and virtue, were the principles of his 
character, he lived in universal esteem to the age 
of 84, dying at Teddington, on the 4th of January, 

• Born in Kent, 1677 : dfed at Teddington, 1761. 
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1761, where he was buried, under the church- 
tower, which he had rebuilt at his own expense.** 

Dr. Hales commenced the communication of 
his researches to the Royal Society about the 
year 1717, and, in 1727, he published his Statical 
Essays, containing an Essay towards a Natural 
History of Vegetation, of use to those who art curious 
in the Culture and Improvement of Gardening : also,4i 
Specimen of an Attempt to analyse the Air, by a great 
variety of Chymico-Statical Experiments, which were 
read at several Meetings before the Royal Society. In 
1733, a second volume of these Essays was pub- 
lished, containing Htemastatics, and Experiments en 
the Stone of Kidney and Bladder. Of these Essays, 
it will be first necessary to advert to the contents of 
those relating to the analysis of the air, a term, by 
the way, which by no means well applies to the 
researches they contain. 

Dr. Hales employed several methods of col- 
lecting and examining the gaseous products of a 
variety of bodies, many of which approach those 
at present in use. Sometimes he placed substances 
upon a stand, under a bell-glass inverted over 
water ; or he employed a flask to contain the ma^ 
terials producing aeriform matter, over which was 
placed a bell-glass, the whole being confined over 
water as before. Or, where a high temperature was 
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required for the production of the gaseous bodies^ 
he used an iron retort formed of a bent gun-barrel, 
and received the air into a vessel inverted in a tub 
of water. 

In the modification and management of these forms 
of apparatus, he displayed some ingenuity ; but it 
should be remembered that he was anticipated in 
the greater number of his contrivances by Mayow» 
as we have already had occasion to remark. 

In prosecuting his inquiries by these means, 
Dn Hales stumbled upon a variety of curious facts 
and observations; but having imluckily predeter- 
mined that the various products formed were mere 
modifications and contaminations of conmion air, 
he let slip a numerous series of discoveries once 
fairly within his grasp, and which were aftervirards 
eagerly amassed and successfully reasoned upon 
by Priestley and his contemporaries. 

Thus, Dr. Hales observed that phosphorus when 
bamedy absorbed air, and produced white fumes ; 
bat he neglected any examination of the product and 
of the residue. He distilled air from wood, and found 
it fatal to animals ; from Newcastle coal he obtained 
one-third its weight of gas; firom nitre, one hundred 
and eighty times its bulk; and from salt of tartar 
urged by an intense heat, he also procured aeriform 
matter ; but in no one instance did he examine these 



fee 



mSTORT Of CHEMISTRV. 



gaseous products with the attention that might have 
been expected from an experimentalist so diligent 
and original. He found that iron filings and oil of 
vitriol produced scarcely any air ; but that, upon the . 
addition of water, gas was abundantly evolved fro 
such a mixture. Here he obtained hydrogen, 
instead of stopping to examine its properties, I 
hastens on to irrelevant observations, and seen 
always eager rather to multiply experiments than 
to examine their results. Upon the same principle, 
he accurately details the quantity of air generated 
by distilling hogs' blood, tallow, sal ammoniac, 
oyster shells, Indian wheat, pease, mustard-seed, 
amber, tobacco, sugar, bees' wax, and gaU-stonea;. 
and yet, from such numerous experiments, 
scarcely draws a single inference that deserves 1 
be recorded. 

In his experiments on respiration, Dr. HalbI 
obtained results of such interest, that one is ; 
prised at the coldness with which he pursued theiDtl 
and the carelessness with which he drops the in- 
quiry. Finding that a given portion of air couid 
only be respired for a given time, and that it sooM 
produced oppression and difficulty of breathing, al 
consequence, as he says, "of the gross and sul- 
phureous vapours with which it becomes loaded," 
he endeavoured to discover some substance whid 
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by absorbing those vapours, might render respired 
air more fit for breathing, and consequently con- 
tribute to its purification in 3mall and crowded 
rooms, and other similar situations. 

The apparatus which he used in these researches 
was sufficiently ingenious ; it consisted of a bag 
made of bladder, with a mouth-piece so suppUed 
with valves as to oblige the air breathed into it to 
traverse its whole length, before it could return 
to the lungs. He found that he could breathe the 
air contained in this apparatus to and fro, for a 
minute and a half; he then wetted certain dia- 
phragms or partitions of flannel in the bag, with 
different liquids, and found that he viras thus ena- 
bled to respire the confined air for rather a longer 
time; but having dipped them in a solution of 
highly calcined tartar, he found he coul4> without 
much inconvenience, continue the breathing for 
eight minutes and a half. 

It is sufficiently obvious that the air was purified 
ill this instance by the absorption of the carbonic 
a^cid, or, to use Dr. Hales's language, ''of the sul- 
phureous gross vapours i" but, unwilling as he always 
appears to follow up and investigate the new facts, 
he s^ys^ that the effect was perhaps owing to the 
bladder and syphon being entirely dry, or to some 
unheeded passage for the air through the ligatures. 
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" neither did I care to ascertain the matter by re-., 
peated experimeota, fearing I might thereby somi 
■way injure my lungs." He however weighed thi 
diaphragms, and found that they had increased m 
weight about thirty grains in five minutes, niakmg 
the quantity of matter absorbed by them from the 
expired air, amount to nineteen ounces in twentyJJ 
four hours. In other experiments, the author noticeb 
the purification of air spoiled by the burning of 
candles and of brimstone, by the action of calcined 
tartar ; but he takes no pains to inquire into tl 
specific action of the salt, and confounds it wil 
that of saline bodies generally. 
' But Dr. Hales's researches, relating to the mOi 
lion of sap in vegetables, are in great measure 
free from the objections which I have ventured 
to make to his other experimental inquiries, and 
were pursued upon a more regular and digested, 
plan. d 

His first object seems to have been to ascertaiam 
the quantities of matter imbibed and perspired by 
plants and trees; for this purpose he grew a sim* 
flower in soil contained in a tight box, and watering 
it with given weights of water, he ascertained the 
quantity that it daily lost by transpiration from 
leaves : after stating the extent of surface of 
leaves, he informs us, that Its miaimum of loss b] 
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that channel was sixteen ounces, and its maximum 
twenty-eight ounces, in a day of twelve hours. 

To ascertain more particularly the influence of the 
leaves upon the absorption of water by the root, 
two branches, one with and one without leaves, 
were put into separate glasses, containing known 
quantities of water. The boughs with leaves ab- 
sorbed on an average from twenty to twenty-five 
ounces in a day, and were Ughter at night than in 
the morning; those without leaves imbibed but 
one ounce, and were heavier in the evening than in 
the morning. This experiment led to the inference 
that the ascent of the sap, and the quantity of 
matter absorbed from the soil, are much influenced 
by the leaves, ** and accordingly I observe,'' he 
saysy ** that the leaves next adjoining to blossoms 
are in the spring very much expanded, when the 
other leaves on barren shoots are but beginning to 
shoot ; and that all peach leaves are pretty large 
before the blossom goes ofi^; and that in apples or 
pean» the leaves are one-third or half grown before 
the blossom blows: so provident is Nature in 
making timely provision for the nourishing the yet 
embryo fruit.'' 

A certain degree of dryness of air is requisite to 
promote the due transpiration by the leaves, for 
when too much moisture hovers about the plant, it 
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hinders tlie kindly action of the leaves, whereby, 
says Dr. Hales, " the stagnating sap corrupts 
and breeds mouldy fen, which often spoils va^H 
quantities of flourishing hop-grouuds. This wwl 
the case in the year 1723, when ten or fourteen 
days' almost continual rain fell, about the latter 
half of July, after four months' dry weather; upgiM 
which the most flourishing and promising h^M 
were all inflicted with mould or fen in their leaves 
and fruit, while the then poor and unpromising 
hops escaped and produced plenty, because they 
being small did not perspire so great a quantity as 
the others." " This rain on the then warm eartii 
made the grass shoot out as fast as if it were in a 
hot-bed, and the apples grew so precipitately that 
they were of a very flashy constitution, so as to rot 
more remarkably than has ever been remembered." 
In the course of his experiments upon the tran- 
spiration of plants, and their absorbing powers, Dr. 
Hales endeavoured, but always without success, to 
alter the flavour of their fruit by causing them to 
imbibe various perfumes. He placed a vessel upon 
a divided branch of a tree, so that it might absorb 
any fluid contained in it. Upon filling it vfiih cam* 
phorated spirit of wine, the whole branch of an 
apple-tree was killed ; but, though the apples hung 
several weeks afterwards, no alteration of taste wae 
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perceived in them, though the smell of camphor 
was strong in the leaf-stalks, and all other parts of 
the dead branch. Different perfumed waters were 
absorbed by fruit-trees without injuring them, but 
they ftiled to confer any peculiar flavour on the fruit. 

I^ as Dr. Hales 8 experiments seemed to show, 
the transpiration of plants, and the motion of the sap, 
as well as the absorption from the soil, depend upon 
the leaves, it became an interesting question to 
examine these points in evergreens ; and he found 
that they absorbed less, and transpired considerably 
fess, than other trees ; hence, ** the cedar of Libar 
]ni% and the ilex or evergreen oak, grafted on an 
English oak, and on a larch, were verdant all the 
winter, though the leaves of the oak and larch de- 
cayed, and fell off as usual ; the fieurt being that ever- 
greens live and thrive with very little nourishment'' 

Having fmived that trees transpire large quantities 
of fiqnid, our author next endeavoured to collect 
and examine it ; he caused the branches and leaves 
to be enclosed in flasks and retorts; he placed a 
large son-A>wer under the head of an alembic, and 
thns procured '' what appeared to be pure water, 
very aligfatly tainted by vegetable matter ; itseemed 
not to differ, though obtained from different plants.** 

After some observations respecting the moisture 
and temperature of the earth. Dr. Hales proceeds 
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with experiments to determine the force with which 
trees imbibe moisture, and here he obtained some 
striking results. He exposed the roots of a pear- 
tree, and cut off the end of one, half an inch diame- 
ter ; the stump was cemented into the upper end of 
a tube twenty-six inches long, filled with water, and 
dipping at its lower extremity into mercury. The 
root imbibed the water so vigorously that in six 
minutes' time the mercury rose eight inches in the 
tube. This experiment was made in August. 

Another experiment, similarly contrived, in which 
a large branch of an apple-tree was used, the dia- 
meter of its transverse section being f of an inch, 
caused the mercury to ascend five inches in half an 
hour. The oozing of air-bubbles from the cut sur- 
face, interfered with the rise of the fluid in these 
tubes, but it was observed that the mercury rose 
highest when the sun was clear and warm ; towards 
evening it subsided three or four inches, and rose 
again the next day. It also subsided during rain. 
This experiment was made in May. When we 
consider, says Dr. Hales, that the power thus re* 
quired to raise mercury twelve inches, would raise 
water thirteen feet eight inches, we may form some 
idea of the power exerted by the growing vegetable. 

Dr. Hales was one of the first who noticed the 
influence of cutting a ring of bark off the branch (^ 
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a tree, or ringings as it is now technically called, 
upon the growth of its fruit and leaves ; and instead 
of attributing its effect to an accumulation of sap, 
the juice being prevented flowing downwards in the 
vessels of the bark, he refers it to a less quan- 
tity of sap arising, '* whence it is better digested 
and prepared for the nourishment of the fruit;" 
he combats the notion of the sap circulating in 
trees, and imagines that it is often progressive at 
one time, and retrograde in another, in the same 
vessels. 

Dr. Hales concludes his vegetable statics, with 
an account of some experiments to prove that a con- 
siderable quantity of air is inspired by plants, and 
with some observations on the gprowth of seeds and 
vegetables generally ; by cementing a branch, with 
its leaves, into a glass tube dipped in water, he 
observed the liquid rise in the tube, in consequence 
of the absorption of the confined air ; and on putting 
a piece of the stem of a birch-tree under the receiver 
of an air-pump, he extracted abundance of air- 
bubbles from it during the exhaustion. 

He refers the first growth of a seed to the absorp- 
tion of mqisture, which swells it, and, as he thinks, 
protrudes nourishment into the radicle, which soon 
becomes capable of absorbing moisture from the 
soil ; the root, he says, by expanding, carries the 
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seed-lobes upwards with the plume, where they 
expand into leaves, which are of such importance to 
the tender plume, that it perishes on their removal ; 
which renders it probable that they do the same 
office to the plume that the leaves adjoining to 
apples, quinces, and other fruits do to them ; namely, 
draw the sap within reach of their attraction. As 
the tree advances in stature, the different lateral 
branches shoot out, " each lower order being loi^r 
than those immediately above them^ not only on 
account of primogeniture, but also because be- 
ing inserted in larger parts of the trunk, and 
nearer the root, they have the advantage of being 
served with greater plenty of sap; hence arises 
the beautiful parabolical figure of trees. But when 
trees stand thick together in woods or groves, this 
their natural shape is altered, because the lower 
lateral branches being shaded they can transpire 
little, and therefore drawing little nourishment 
they perish ; but the top branches being exposed to 
a free drying air, they transpire plentifully, and 
thereby drawing the sap to the top, they advance 
much in height ; but, if when such a grove of tall 
trees is cut down, there be left here and there a 
single tree, that tree will then shoot out lateral 
branches ; the leaves of which branches now tran- 
spiring freely, will attract plenty of sap, on which 
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account the top, being deprived of its nourishment, 
usually dies.** 

Such are the leading objects of inquiry which 
engaged the attention of Dr. Hales ; and, if we 
consider the little progress that had been previously 
made in pneumatic chemistry, we must allow that 
he much promoted that department of research; 
and that in his inquiries into the functions of vege- 
tables he was at once original and acute, and laid 
the foundation of a very useful and curious series 
of investigations, which Duhamel, Andrew Knight, 
and others, have pursued with so much success. 
ELuLCs entered into some collateral branches of 
investigation, the results of which are given in the 
PkUasapkkal Tyatuactions, and are collected in the 
second volume of his Essays ; but they are not of 
that importance to form any prominent feature in a 
general history of his discoveries. 

When it is recollected that Hales wrote at the 
commencement of the last century, that there were 
then Tery few models of scientific composition extant 
that were worth copying, and that a pompous and 
obscure style of writing was very prevalent among 
his experimental contemporaries, we cannot but ad- 
mire the perspicuous and unadorned manner in which 
he detidls his facts and observations ; he has all the 
merit that in this respect belongs to Boyle, with- 
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out his diffusiveness ; and a pleasing vein of sound 
and unaffected morality accompanies his argument^ 
and leads him, whilst endeavouring to unyeil the 
mysteries of nature, to direct our attention with 
becoming modesty to the penury of man's wisdom^ 
when compared with the admirable adjustment of 
causes and effects dicoverable in her lowliest works. 
Contemporary with Hales was the celebrated 
BoERHAAVE * of Loydeu, a man who laid medicine 
and chemistry under deep obligations ; the former, 
by his successful practice and happy method of 
instruction; the latter, by diligently experimei\ting 
in some of its most difficult departments. '' fie 
prosecuted chemistry," says Dr. Johnson, " with 
all the ardour of a philosopher whose industry was 
not to be wearied, and whose love of truth was too 
strong to suffer him to acquiesce in the report of 
others.^' 

Boerhaave's original chemical investigatiops 
were nearly of the same nature as those of Hales; 
he experimented upon the gaseous products af- 
forded by a variety of vegetable and animal sub* 
stances ; he attributed the elasticity of air to its 
union with fire, and considered its ponderable mat- 
ter as susceptible of chemical combinations. In 
disclosing these views, he has certainly sketched 

• Born near Levden, 1668 : died 1738. 
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an oatlioe of one of the modem theories of com- 
bustion ; bat he went no further, and was not more 
successliil thtfn Hales, in discriminating between 
common air and the various gaseous products that 
resulted from some of his experiments. His writ- 
ings are enumerated in chronological order, in the 
masterly ri^etch of his life, written by Dr. Johnson ; 
** they have/^ says his biographer, ** made all en- 
comiums useless and vain, since no man can atten- 
tively peruse them without admiring the abilities 
and reverencing the virtues of the author.^' His 
<mly chemical work, entitled, Elementa Chemw^ was 
first published in 1732. It contains an useful essay 
on the History of the Science. 



§ VIII. 

The names of Black and Bergman, with a 
host of others, either forgotten, or eclipsed by those 
eminent philosophers, occur in the division of his- 
tory at which we have now arrived, and which 
embraces its progress between the researches of 
Hales and those of Priestley. Chemistry now 
assumed a more important and interesting aspect ; 
the &cts already collected began to be digested 

and arranged, and active ineasures were taken to 
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embody the scattered materials that presented 
themselves ; to ascertain their relative value ; to 
reject those which were unimportant or useless ; 
and to select such as deserved to be dignified with 
the title of standard authorities. Dr. Black's re- 
searches, of which I shall now endeavour to give a 
brief abstract, possess a two-fold interest, for he 
not merely made important contributions to the 
facts of the science, but also established a new 
theory, connected with one of the most intricate 
of its subjects, heat. 

Considered as a philosopher, Dr. Black * was 
remarkable for candour in his opinions, caution m 
his conclusions, and accuracy in his deductions; 
he was averse to hypothesis, and admitted no 
theory imperfectly supported by experiments ; and 
these attributes, which sincerely belonged to him, 
constitute the nearest approach to excellence of 
which the philosophical character is susceptible. As 
a man, his contemporaries represent him as mild 
and amiable ; as uniting to his high scientific at- 
tainments many of the elegant accomplishments of 
life; as being at once a gentleman and a pfailo- 
sopher« 

When Dr. Black first entered the preciiicts of 
chemistry, there was a busy and acute controvenrf 

* Born in France, 1728 ; died at Edinburgh, 1799. 
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respecting the cause of causticity ia earths and 
alcalis ; it wz$ by some supposed that the conver- 
sioii of limestone into quick lime depended upon its 
absorbing certain igneous particles; by others 
the change was referred to an acrid acid, con- 
tracted in the fire ; by others to non-descript saline 
particles. 

Dr. Black 8 notice appears to have been drawn to 
this inquiry, by the researches of Hoffman* concern- 
ing the nature of magnesia ; he found that when 
that earth was obtained by adding a mild alcali to 
solution of Epsom salt, it effervesced upon the 
addition of an acid ; but that if heated red hot, it 
no longer effervesced, and moreover lost consider- 
ably in weight. The same &ct applied equally to 
lime, and led him to believe, that that substance 
instead of acquiring its acrimony by the absorp- 
tion of something from the fire, became caustic by 
the loss or expulsion of one of its elements^ in con- 
sequence of being heated. He then distilled some 
magnesia in a retort; but finding that thcmgh it di- 
minished considerably in weight, the only visiUe 
loss it sustained was a minute porti(» of water, he 
conceived the possibility of the escape of some 
gaseous matter ; and, on mixing common magnesia 
and an acid in a proper phial, he cdlected a con- 



* Boiii at Halle, in Saxony, 1660; died, 1742. 
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siderable quantity of a pennanently elastic gaseous 
body : from chalk or limestone, and from the mild 
alcalis he procured a similar gas, and he termed it 
fixed air. 

In 1764 Dr. Macbride, of Dublin, verified and 
extended these researches; he found that quidc 
lime, aflter having been exposed to air, acquired 
the property of effervescing, and, consequently^ 
fixed air must exist in the atmosphere. He also 
explained the agency of lime as a manure, and 
introduced some important improvements into the 
art of tanning. 

In 1766, Dr. Brownrigg also threw out some cu- 
rious hints upon the same subject : in a communi- 
cation to the Royal Society, printed in the Tram- 
actions for that year, he remarks, ''that a more 
intimate acquaintance with those noxious airs in 
mines, called damps, might lead to a discovery of 
that subtile principle of mineral-waters, known by 
the name of their spirit ; that the mephitic exhala- 
tions, termed choak-damp, he had found to be a fluid 
permanently elastic ; and that, from various expe- 
riments, he had reason to conclude that it entered 
the waters of Pyrmont, Spa, and others, imparting 
to them that pungent taste, whence they are caUed 
add^dasy and likewise that volatile principle in wfaidi 
their virtues chiefly depend;" and in 1769, Bfr. 
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Lane remarked the solubility of iron in water im- 
pregnated with fixed air. 

I shall again have occasion to revert to the nature 
and properties of fixed air, which has engaged much 
of the attention of Priestley, Lavoisier, and other 
celebrated men whose labours are yet to be noticed, 
consequently we may proceed to Black's researches 
on the subject of heat ; researches which are more 
exclusively his own, and in which he has displayed 
that acuteness and originality which have given his 
name so high a rank in the annals of chemical 
science. 

In speaking formerly of the experiments of 
Boyle, and of the investigations of the Florentine 
Academicians, two curious circumstances respect- 
ing the temperature of thawing ice and boiling 
water, were noticed. It was stated, that ice, dur- 
ing its liquefaction, retained an uniform tempera- 
ture of 32^ ; and that water, during its ebuUition, 
never became hotter than 212^; hence the use of 
those fixed points in the graduation of thermome- 
ters. We have now to examine the views which 
these phenomena suggested to Dr. Black, and 
the results that followed his inquiries into their 
causes and effects. 

If a vessel of ice of any very low temperature, 
be brought into a warm room, or placed before 
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the fire, or over a small steadily burning lamp, 
a thermometer placed in it will gradually rise to 
32^ in the contact of the ice, and not higher until 
the whole is melted. Then the temperature of the 
ice-cold water will begin to rise, and if the lamp 
be continued under the vessel, it will go on rimng 
till it attains the temperature of 212^ when it again 
becomes stationary, and remains so during the 
whole evaporation. 

It follows from such experiments, that heat is con- 
cerned in producing two series of changes : That its 
first effect is to thaw the ice without elevating the 
temperature ; and that it then raises the thermometer 
till ebullition takes place, after which it converts 
the water into vapour, without elevating either its 
temperature or that of the vapour. Hence the fol- 
lowing particular heads of inquiry suggested 
themselves : — 

1 . As to the absorption of heat during the con- 
version of solids into liquids, and of liquids into 
vapours.^ 

2. As to the evolution of heat during the con- 
verse changes; namely, the condensation of va- 
pours, and congelation of liquids. 

3. As to the quantity of thermometric heat ab* 
sorbed and evolved in these different cases. 

The disappearance of thermometric or sensible 
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heat, alluded to in thawing ice» takes place in all 
GorreBponding cases of liquefaction ; consequently, 
if a cold solid be mixed with a given weight of the 
same substance hot, and in a liquid state, the re- 
sulting temperature will not be the mean, as would 
have been the case if both portions had been in the 
liquid state, but will be considerably below it, a 
portion of the heat of the hotter body, having 
been, as it were, consumed in liquefying the solid, 
without affecting its temperature. Thus equal 
parts of water at 212^ and at 32^, give on mix- 
ture the mean temperature of 122^. But equal 
parts of water at212^ and of snow at32^ give 
opon mixture a temperature of 52^ only, the excess 
of heat in this instance being concerned in Uque- 
fiietkm, not in elevation of temperature. 

Dr. Black considered the lost heat as equivalent 
to about 140^ in the case of the liquefaction of ice, 
and among his experiments illustrative of this sub- 
ject, the following may be selected as most rele- 
vant and simple : 

Two similar globular glass vessels were filled 
with water, which in one was afterwards frozen ; 
and in the other cooled as nearly as possible to 
the same point: they were then carried into a 
room of a temperature of 47^, there being no other 
diffierence between them than that the one con- 
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tained ice and the other water. In half an. hour 
the vessel of water had acquired the temperature 
of 40^ ; but in the other it required ten hours and 
a half to melt the ice, and raise the water to 40P. 
Now as the access of heat was the same in both 
cases, and as this was at the rate of 7^ in half an 
hour, it follows that in twenty- one half hours, (the 
time required to thaw the ice and elevate the tempe- 
rature of the water to 40^) that it would have re- 
ceived 7° X 21 = 147^. The difference, therefore, 
between the increase of temperature in the ice, 
and water vessels, with equal accessions of heat, 
is 140^ which will express the quantity of sensible 
heat, rendered latent by the operation of lique- 
faction. 

As heat is thus required to convert solids into 
liquids, it follows that in cases of sudden lique&c- 
tion cold will ensue ; hence its production, during 
the solution of many saline bodies, and hence 
too the explication of the theory of freezing mix- 
tures. 

As liquefaction is a cooling process, so congela- 
tion is a process in which heat is evolved. Hie 
freezing of large masses of water is actually a heat- 
ing process to the circumjacent air. In the sud- 
den crystallization of some saline solutions heat is 
evolved : and water, under certain' circumstances, 
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cooled to eight or ten degrees below its freezing 
point, suddenly rises to 32^ upon congelation. 

Having thus perspicuously disposed of the theory 
of congelation and liquefaction. Dr. Black turned 
his observation to the phaenomena attendant on the 
formation of vapour, and there he was equally 
happy in his inquiries. 

When water is made to boil, the steam which rises 
from it is not hotter than the water itself, although 
there be a continuous influx of heat, which therefore 
must become latent in the steam ; and consequently 
steam and other vapours may be regarded as com- 
pounds of liquids and heat. 

To ascertain the thermometrical expression of the 
latent heat of steam, Dr. Black proceeded thus : 
The time required to elevate a quantity of water to 
its boiling point was carefully noted : the same heat 
was then continued till the whole had evaporated, 
and the time required also noted. Thus, supposing 
the accession of heat to have gone on above 212^, in 
the same ratio as below it, the temperature that the 
water would have acquired was estimated, whence 
it was inferred that the loss of heat amounted to 
more than 800^. 

The vast evolution of heat during the condensa^ 
tion of steam now admitted of an explanation, and 
cm estimating the latent heat of steam, by con- 
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densiDg a given quantity in a given wei^t of water, 
it appeared to amount to between 900^ and 1000^. . 
The cause of the cold produced by evaporation 
now also became apparent, since no vapour can be 
in any instance formed without a proportionate 
consumption, or disappearance, of heat ; and the 
theory of cooling by evaporation from surfaces, as 
in wine and water coolers composed of porous ma- 
terials ; of cooling by the affusion of spirit of wine, 
ether, and other rapidly evaporating substances, 
became at once apparent. Mr. Leslie's experi- 
ment on the production of ice by the evaporation 
of water in vacuo ; and Dr. Wollaston's Cryaphmw, 
beautifully illustrate these views, but it would re- 
quire much more extensive consideraticm than we 
can here afford to trace all the bearings of the highly 
important investigations in which the name oS 
Black is concerned. There is, however, one subject 
connected with them, upon which it would be im* 
proper not to offer one or two remarks: Dr. Black, 
in his published Lectures, has said, '' I have the 
pleasure of thinking, that the knowledge we have 
acquired concerning the nature of elastic vapour, 
in consequence of my fortunate observation of what 
happens in its formation and condensation, has 
contributed, in no inconsiderable degree, to the 
public good, by suggesting to my friend Mir. 
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Watt^ of Birminghaiii, then of Glasgow, his improve- 
ments on this engine/' meaning the steam-engine, of 
which he is then speaking. We are not, however, 
to conclude firom these lines, that Dr. Black meant 
to assume any of the merit which exclusively and 
justly belongs to Mr. Watt ; for, in the context, be 
gives him all praise for the originality of his in- 
vention; and, in his private correspondence, re- 
commends him particularly ^> assert, clearly and 
fiiUy^ his sole right to the honour of the improve- 
ments of the steam-engine ; and further, in a writ- 
ten testimonial given by Dr. Black to Mr. Watt, 
on the occasion of a trial at law in 1797, connected 
with a piracy of one of his inventions, after giving 
a brief account of it, he adds, " Mr. Watt was the 
sole inventor of the capital improvement and con- 
trivance above-mentioQed.^ 

Mr. Watt's capital improvement above alluded 
to, consisted chiefly in condensing in a separate 
vessel, and was adopted before he had any clear 
notion of Dr. Black's investigations ; or at least the 
main experiments upon which this improvement 
lunged were previously undertaken. 

It nrast be observed here, that Mr. Watt made a 

variety of curioms investigations upon the subject of 

«^™^— ^— ^^^1^— i^.^-^ta— ^^i«^»— i^-^— — i^—^^"^"^"^-^^^— ^"^ii^"^-^""— ^^■^■^^^■^■^^~"^'^^^"~""^~"~"~~^^"~ 

^ Mr. Watt died on the 25th of Augast, 1819, at Heathfield, 
BnuBgham, is the 84th year of his age. 
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steam, and of the capacity of bodies for heat, (a 
subject first inquired into by Dr. Black, in 1762,) in 
themselves highly important ; but they have been 
obscured by the magnitude of his inventions and 
discoveries more immediately connected with the 
perfection of the steam-engine. 

If the suspicion of jealousy, of want of candour, 
or of any deviation from the strictest veracity, could, 
by any possibility, a^ach to either of those British 
luminaries whose labours we have been adverting 
to, it might be worth entering into such details as 
would more distinctly unfold their respective claims; 
as it is, however, I trust the short allusion made 
to the subject, while it places the assertions of the 
one in their proper light, will sufficiently vindicate 
the exalted merit and indisputable originality of the 
other. 

To Mr. Watt's character, in relation to the public, 
and as a private individual, it is more than difficult 
to do justice, for the combined eloquence of the 
different writers who have attempted it has only 
feebly depicted the influence of his talents upon the 
state of society ; and still less has it succeeded in 
the more difficult portraiture of the man, occupied 
in the ordinary duties of life, and in the unsuspect- 
ing intercourse of social converse. Such, at least, 
is the impression which I feel upon looking over 
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the different biographical sketches that have lately 
appeared. For my own part, I consider myself as 
highly fortunate in haying occasionaUy enjoyed the 
society, and profited by the information of one, 
whom, without exception, I consider as the most 
eminent benefactor to his country ; and I should 
have attempted to have gleaned from others, and 
firom my own memory, a few particulars relative 
to his character and pursuits, had I not, in look- 
ing into a production of '' the author of Waverley,** 
discovered a sketch of his character, which leads 
one to lament that the same pencil is not more 
frequently employed in such delineations, and 
induces me at once to cancel aU that I had collected 
upon the subject '^ He was a man," says that 
writer, ''whose genius discovered the means of 
multiplying our national resources to a degree per- 
haps even beyond his own stupendous powers of 
calculation and combination ; bringing the treasures 
of the abyss to the surface of the earth ; giving the 
feeble arm of man the momentum of an AMte; 
commanding manu&ctures to arise, as the rod of 
the prophet produced water in the desert ; affording 
the means of dispensing with that time and tide 
whidi wait for no man, and of sailing without that 
wind which defied the commands and threats of 
Xerxes himself. This potent commander of the 
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elements,— this abridger of time and space^ — this 
magician, whose cloudy machinery has produced a 
change on the world, the effects of which, extra- 
ordinary as they are, are perhaps only now begin* 
ning to be felt, was not only the most profound 
man of science, the most successful combiner of 
powers and calculator of numbers, as adapted to 
practical purposes ; was not only one of the most 
generally well-informed, but one of t)ie best and 
kindest of human beings. In his eighty-fourth year 
his attention was at every one's question, his infor- 
mation at every one's command." No individual in 
his age, says another, and equally able, writer, 
possessed more varied and exact information. He 
had infinite quickness of apprehension, a prodi- 
gious memory, and a certain rectifying and me- 
thodising power of understanding, which extracted 
something precious out of all that was presented to 
it. His stores of miscellaneous knowledge were 
immense, and yet less astonishing than the com- 
mand he had over them. His conversation had all 
the charms of familiarity, with all the substantial 
treasures of knowledge. With this philosophic 
excellence of character, be it never forgotten that 
Mr. Watt conjoined the higher duties and moie 
exalted attributes of sincere, but unaffected, piety. 
Expressing his gratitude to Providence for that 
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length of days and exemption from infirmity which 
rendered the evening of his life cheerful and serene, 
he yielded up his soul in the calmest tranquillity, 
and passed, without pang or struggle, from the bo- 
som of his family to that of his God ! 



§ IX. 

It is not perfectly in chronological order, to 
proceed in the present Section to the discoveries of 
Dr. Pbiestley*, and yet they are so numerous and 
important, that it will be difficult to continue the 
history of chemistry up to his time, without allusion 
to their objects and results. I shaU, therefore, 
endeavour to give the reader some insight into the 
nature and bearings of his inquiries. 

Dr. Priestley 8 entire force was oirected upon 
Pneumatic Chemistry. We have seen what may be 
termed die materials for the foundation of this 
branch of knowledge, in the works of Mayow and 
Hookb; it was pursued, as we have also found, 
with mudi diligence, but, unfortunately, in rather 
a desultory style, by Hales; Priestley directed 
his attention to it with a degree of activity and skill. 



*Bom at Fieldhead, near Leeds, 1733 ; died in Pennsylvania, 
1804. 
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§ 

then peculiarly his own ; and, in the number of hi 
discoveries^ left his contemporaries far in the back- 
ground^ while he certainly rivalled them in their 
interest and importance ; and this is the more sur- 
prising, when we reflect that his philosophical 
studies seem generally to have been considered as 
subordinate to his more severe and serious occupa- 
tions. 

Dr. Priestley first turned his attention to che- 
mistry about 1768; he used to amuse himself with 
experiments on fixed air, and artificial mineral wa- 
ters, and one experiment, as he says, leading to 
another, he soon collected those materials which he 
laid before the Royal Society in 1772, under the 
title of Observations on different Kinds of Air. With 
what zeal and success he prosecuted this subject, 
will be seen in the sequel. 

The apparatus which is now used in the chemis- 
try of gaseous bodies, is almost entirely of Dr. Priest- 
ley's invention. The water-trough, with its sliding 
shelves and moveable supports for inverted jars ; 
the methods of subjecting animals and plants to the 
action of different kinds of air ; the mercurio- 
pneumatic apparatus for collecting gases absorb- 
able by water; the means of measuring and 
weighing gases, and of subjecting them to the 
action of electricity, are only a few of the contri- 
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vances for which we are principally indebted to 
Dr. Priestley ; many others employed by Mayow 
and Hales were by him perfected or improved. 

In his earliest experiments on fixed air, and 
on air tainted by combustion and respiration. 
Dr. Priestley has announced many highly interest- 
ing and new facts ; but the discovery that takes 
precedence of the others, and upon which his 
fame has been chiefly, though not quite justly, 
founded, is that of Oxygen Gras, or, as he termed 
it, Dephlogisticated Air. I say not quite justly, be- 
cause its brilliancy and importance have been 
suffered to overshadow many of his other original 
investigations, of which we hear but little, though 
their aggregate influence upon the subsequent pro- 
gress of chemistry was most direct and important : 
but the fact is, that Dr. Priestley having opened, 
as it were, a new and rich mine in the science, 
found therein such abundance of treasure, that he 
was able to do little more than bring it to the 
surface, where it was soon pillaged and carried off. 

Dephlogisticated Air was discovered by Dr. 
Priestley on the 1st of August, 1774; the method 
of experimenting which he adopted, consisted in 
exposing a quantity of Red Precipitate of Mercury 
to the action of the sun's rays concentrated by a 
burning lens ; the red precipitate was contained in 

VOL. I. K 
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a small flask, filled up with quicksilver, and 
inverted in a basin of the same metal. " I pre- 
sently found/' he says, " that by means of this 
lens, air was expelled from it very readily- Having 
got about three or four times as much as the bulk 
of my materials, I admitted water to it, and found 
that it was not imbibed by it. But what surprised me 
more than T can well express, was, that a candle 
burned in this air with a remarkably vigorous 
flame, very much like that enlarged flame with 
which a candle burns, in nitrous air exposed to iron 
or liver of sulphur ; but, as I got nothing like this 
remarkable appearance from any kind of air besides 
this particular modification of nitrous air, and I 
knexr no nitrous acid was used in the preparation of 
the mercurius calcinatus, I was utterly at a loss how 
to account for it." 

Red Lead and several other substances, among 
which is enumerated Nitre, are also shown by our 
author to afford oxygen at a red heat ; and here I 
may be allowed to advert to the singular sagacity 
displayed by Hooke in his notions already quoted, 
respecting the constitution of that salt, and its 
nitro-aerial particles ; and to remind the reader how 
remarkably his surmises have been verified by 
Priestley ; for, upon turning to those pages of the 
MicrograpMa, in which the theory of combustion is 
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explained, we cannot but admire the penetration 
with which the presence of a body possessing the 
qualities of oxygen is anticipated, though the ex- 
perimental demonstration of its existence was not 
achieved till the middle of the succeeding century. 
To Matow we might pay a similar tribute of ap- 
plause, but, in canvassing the supposed discoveries 
of Lavoisibr and his associates, a more £sivourable 
opportunity will offer of placing these matters in 
their true light. 

The ** nitrous air exposed to iron" alluded to in 
the above paragraph, is the gas now called Nitrous 
Oxide, whidi Dr. Priestley also discovered, though 
he but imperfectly investigated its properties. 

Hie next remarkable circumstance adverted to 
by our author in respect to dephlogisticated air, is 
its action upon nitrous gas, mixed with which it 
occasioned a much more considerable diminution than 
atmospheric air; and, as the fitness of air for respira- 
tion appearcd connected with the absorption thus 
jMrodttced, it was inferred, that it would support 
req»iratios, sm inference which the Doctor soon 
verified, by placing a mouse in a jar of the dephlo- 
gisticated air, in whidb it lived half an^ur, though, 
by previous trials, he knew that it would only live 
a 4|uarter of an hour in the same bulk of atmo- 
^ric air. 

K i 
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Id the observations connected with these experi- 
ments, Dr. Priestley enters pretty much at length 
into the theory of the production of dephlogisti- 
cated air; but I shall not follow him into these 
hypotheses, as they are not very consistent with 
facts, nor even plausibly applied to them : he 
hints, however, at several useful applications of 
oxygen, and especially recommends it for the pro- 
duction of intense heat, by directing a small jet of 
it upon a piece of burning charcoal. 

Among the many and ingenious investigations of 
this Philosopher, none have produced more pleasing 
subjects of inquiry than those relating to the influ- 
ence of vegetation upon air contaminated by com- 
bustion, respiration, and the putrefaction of animal 
matter. 

Finding that air was not spoiled by the growth of 
a sprig of mint kept in it for some months, our 
author thought it possible that the process of vege- 
tation might restore the air injured by burning 
candles; and, accordingly, on the 17th of August, 
1771, he put a sprig of mint into air in which a wax 
candle had burned out, and, on the 27th of the 
same month, foimd that another candle burned 
perfectly well in it; and then, to verify the con- 
clusion, he divided the injured air into two separate 
portions, putting the plant into one of them, and 
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merely leaving the other standing over water; 
he never failed to find, that a candle would bum in 
the former, but not in the latter. 

" This restoration of air," says Dr. Priestley, 
*' I found depended upon the vegetating state of the 
plant ; for though I kept a great number of the fresh 
leaves of mint in a small quantity of air in which 
candles had burned out, and changed them fre- 
quently for a long space of time, I could perceive 
no melioration in the state of the air. This remark- 
able effect does not depend upon any thing peculiar 
to mint, for I found a quantity of this kind of air 
to be perfectly restored by sprigs of balm J" Ground- 
sel, spinach, and some other plants, were used with 
like effect, to show that it did not depend upon 
aromatic effluvia. 

In Dr. Priestley 8 Observation on Air infected with 
Animal Rapiraiion and Putrefaction, a multitude of 
facts are adduced to demonstrate its renovation 
when exposed to growing vegetables, and he is 
ihuB led to the following general remarks upon the 
subject. ** These proofs of a partial restoration of 
air by plants in a state of vegetation, though in a 
confined and unnatural situation, cannot but render 
it highly probable, that the injury which is continu- 
ally done to the atmosphere by the respiration of 
such a number of animals, and the putrefaction of 
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such masses of both vegetable and animal matter, 
is, in pixt at least, repaired by the vegetable 
creation ; and notwithstanding the prodigious mass 
of air that is corrupted daily by the above-mentioned 
cautes, yet, if we consider the immense profusion 
6f vegetables upon the face of the earth, growing in 
places suited to their nature, and, consequently, 
at full liberty to exert all their powers, both inhaling 
and exhaling, it can hardly be thought but that it 
may be a sufficient counter-balance to it, and that 
the remedy is adequate to the evil*." 

Ill the year 1778, Dr. Priestley resumed this 
investigntion, and verified his main conclusions by 
new and satisfactory experiments ; he found, how- 
ever, that it was necessary for their success, that 
the plants should be in a state of healthy and 
natural vegetation, and that all plants were not 
equally efficacious, some indeed appearing rather 
to deteriorate than improve the contaminated atmo* 
sphere. About this time too. Dr. Priestley made 
the capital discovery of the evolution of oxygen by 
aquatic plants, growing in water containing car- 
bonic ietcid ; that the presence of light was neces- 
sary to this change ; that in sun-shine it was most 
rapid; that it was in great measure independent 
of warmth ; and, lastly, that the bladders of some 

♦ Priestley on Air. Vol. I. p. 93. 3d Edit. 1781. 
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kinds of sea-weed, (fucus venculotuifj often con- 
tained air purer than the atmosphere. Hie reno- 
vation of the air contained in water, requisite for 
the respiration of fishes, was thus accounted for ; and 
the circumstance of fishes and most other aquatic 
animals being unable to live for any time in pure 
water, though exposed to air, satisfieu^torily explained. 
By his contrivance of receiving gaseous fluids 
over quicksilver. Dr. Priestley was able to collect 
and examine a number of new aeriform products, 
absorbable by water ; and in these inquiries he was 
eminently successful. Mr. Cavendish, in endea- 
vouring to get inflammable air from a mixture of 
copper and spirit of salt, obtained one that lost its 
elasticity on the contact of water. '^ I was ex- 
ceedingly desirous," says Dr. Priestley, '' to 
become acquainted with it, and therefore began by 
making the experiment in quicksilver, which I 
never failed to do in any case in which I suspected 
that air might either be absorbed by water, or in 
any other manner affected by it ; and, by this means, 
I presently got a much more distinct idea of the 
nature and effects of this curious solution.'' He 
then goes on to show, that this singular gas is 
derived from the acid, that it is very absorbable by 
water, and that common Spirit of Salt is in fact an 
aqueous solution of it. 
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of his activity. In 1772, Dr. Rutherford demou- 
strated the existence of a peculiar elastic fluid ia 
atmospheric air, differing from fixed or mephitic 
air, and yet, like it, extinguishing flame, and unfit 
for respiration. This component part of the 
atmosphere was, by Dr. Priestley, called Phlo- 
gisticated Air ; and he showed that when mixed 
with nitrous gas, it suffered no diminution; but, 
on the contrary, that dephlogisticated air, on the 
same admixture in due proportions, was almost 
entirely absorbed over water; hence the method 
before noticed, which he introduced, of ascertain- 
ing what was termed the goodness of atmospheric 
air, by the degree of absorption exhibited upon a 
certain admixture of nitrous gas, over water. 

The chemistry of gaseous bodies, in consequence 
chiefly of Dr. Priestley's investigations, now be- 
came a main branch of the science, and some of 
his most eminent contemporaries were equally 
diligent with himself in its promotion and elucidsr 
tion. Among others, Bergman, and his friend 
and pupil Scheele, may be ranked among its suc- 
cessful followers ; and Mr. Cavenoish lent it his 
powerful aid; but I have thought it better to 
confine myself to the abstract view of such of 
Dr. Priestley's discoveries as may be starictly 
termed his own, than to blend them with the 
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achievements of other philosophers, who experi- 
mented with distinct views, though occasionally 
treading in his footsteps. 



§X. 



Bergman, of Sweden, was bom in the year 1735, 
and died in 1784, in consequence, as it is said, of 
intense application to his studies ; he was not only 
a very diligent traveller in the beaten paths of che- 
mistry, but he searched the depths, and ascended 
the heights of the science ; his life was short, but 
as he nether lost nor misemployed time, his activity 
compensated for the brevity of his days ; he not 
only opened a new mine in his favourite science, 
but examined its treasures and scattered its riches, 
for Bergman invented the art of chemical analysis. 

In his PrtfaXory Essay on the Inoesligqtion of Truths 
this author has depicted his feelings upon the sub- 
ject of experimental science, in perspicuous and 
unaffected terms ; and a mind so directed could not 
but be successful in its exploits, when we remember 
that even in his days there were few willing entirely 
to throw off the presuming livery of scholastic philo- 
0O|diy. *' A tendency,'* he says, '' to Gartesianism 
still exists, and upon attentive consideration it will 



140 HISTORY OF CHEMISTRY. 

not appear wonderful that the human mind shoold 
delight to indulge in this method ; for, on the one 
hand, the way of experiments is expensive, trouble- 
some and tedious ; all minds, therefore, are not 
capable of enduring it ; many are without the pro- 
per instruments, others want the necessary dex- 
terity; but the most universal defect is that of 
patience and perseverance, so that if the experiment 
does not at once succeed it is abandoned in disgust 
Man, in his ordinary state, seems by nature prone 
to indolence. On the other hand, the contemplative 
method favours the desire of knowledge ;' by pre- 
tending to unlock the secrets of nature with ease 
and expedition, it sooths the natural n^e of ex- 
plaining all things ; and by supposing every thing 
accessible to the human intellect, administers pleas- 
ing flattery to vanity and arrogance/' 

It is upon the analytical talents of Bergman that I 
propose to dwell ; it is there that he was pre-emi- 
nently original and successful, and upon that founda* 
tion his character as a chemist may safely be built. 

The use of tests for the discovery of certain sub- 
stances held in aqueous and other solutions, is first 
particularly dwelt upon by Boyle, and he was some- 
times very fortunate in their contrivance and appli- 
cations; He noticed the conversion of certain ve- 
getable blues to red by acids, and to green by 
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alcalis; the cloudiness produced by common salt 
in solution of silver, and the discoloration by liver 
of sulphur; and several other circumstances con- 
nected with the detection of certain principles, by 
chemical re-agents. 

In 1667, Du Clos undertook an examination of ^e 
waters of France; and in 1 686 Hierne published some 
clever experiments upon the same subject in Sweden. 
Tn these writers the use of galls for the detection 
of iron is alluded to, and the necessity pointed out 
of examining the residuary product of evaporation. 

In 1726 and 1729, Boulduc used spirit of wine 
to precipitate certain saline bodies insoluble in that 
menstruum. In 1755, Venel pointed out the exist- 
ence of fixed air in the waters of Seltzer, Spa, and 
Pj^rmont ; Lane, in 1769, shewed the method of imi- 
tating chalybeate springs, and in 1 772 Dr. Priestley 
published directions for saturating water with fixed 
air. 

Bebgman, in his Essay on Mineral Waters, after 
adverting to a variety of circumstances, relating to 
their general characters and sources, proceeds to 
point out, in the seventh section, the principal 
re*agents and precipitants, usefiil in their examina- 
tion, and to describe the nature of dieir changes, 
and indications, with useful precision, in the follow- 
ing order : 



142 HISTORY OP CHEMIRTRV. 

A. Infusion of litmus, or turnsole, is so delicate 
a test for the acids, that a single grain of sulphuric 
acid reddens 408 cubic inches of the blue tincture. 

Paper, dipped in this tincture, and reddened by 
distilled vinegar, has its blue colour restored by 
alcalis : but the tincture is more sensible than the 
paper, for the latter is not reddened by aerial add 
(fixed air ;) yet one part of water saturated with 
aerial acid, renders fifty parts of the infusion red. 

B. Tincture of Brazil-wood becomes blue by al- 
calis, and is sensible to less than one grain of cryr 
stallized soda in 4000 of water. 

C. Turmeric, either on paper, or in watery tinc- 
ture, is a good, but less sensible, test for alcalis, 
which render it brown. 

D. Tincture of galls discovers iron by a purple, 
or black cloud. 

£. Prussiate of potash produces a blue tinge in 
water containing a minute portion of iron ; it also 
precipitates other metals ; copper, brown ; mai^- 
nese, white. 

F. Sulphuric acid forms a white precipitate in all 
solutions containing baryta. If it produce bubUes 
it indicates some combination of aerial acid. Nitric 
acid is highly useful for showing the presence of 
sulphur, which it precipitates from all ^ hepatic 
waters. 
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6. Oxalic acid detects the minutest quantity of 
lime, by producing a white cloud, either immediately 
or after some hours. This test shows that scarcely 
any water is free from lime ; and the purest, within 
twenty-four hours, deposits a portion cf oxalate of 
lime, although sometimes so sparingly as to escape 
observation, unless lines be drawn on the bottom of 
the yessel with a glass rod, in the direction of 
which the precipitate attaches itself. 

H. Aerated fixed alcali throws down the metals 
and earths; if the substance be easily soluble in 
aerial acid, the caustic alcali may be used. 

I. Aerated volatile alcali also throws down earths 
and metals, and is an excellent test for the presence 
of copper, which it indicates by a blue colour, 
more or less intense according to the quantity of 
alcali added. 

K. lime-water detects aerial acid, by a precipi- 
tate of aerated lime. 

L. Muriate of baryta forms an insoluble white pre- 
cipitate in water containing any soluble vitriolic salt; 
twelve grains of crystallized Glauber's salt, dissolved 
in a k«nne of distilled water (about three quarts,) 
immediately exhibits white striie on the application 
of this test. Even one graininthe kamie exhibits a 
white dood after some hours, and as it only contains 
0,26 grains of sulphuric acid, we may judge of the 
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nicety of this precipitant^ which even exceeds turn- 
sole itself in sensibility. 

M. Muriate of lime may be used for the detection 
of fixed alcali, but it is an ambiguous'test, because if 
sulphate of magnesia be present, it produces gypsum. 

N. Solution of alum is also of little use» though 
occasionally employed as a test for alcalis. 

O. Nitrate of silver is a certain and delicate 
indicator of muriatic acid and its combinations. 
A grain of common salt, in a kanne of water, is in- 
stantly rendered evident by white streaks. Under 
some circumstances it may also form a precipitate 
with sulphuric acid, but sulphate of silver is much 
more soluble than muriate; thus, no visible tur- 
bidness arises, unless the kanne of water contains 
ninety-eight grains of Glauber's salt, or twenty-five 
of vitriolic acid. The presence of hepatic air ren- 
ders the precipitate of silver more or less brown. 
Alcalis, lime, and magnesia, also precipitate nitrate 
of silver. 

P. Nitrate of mercury is a prevaricating test, but 
very sensible to a variety of substances, that may 
exist in mineral waters. As Bergman has not 
pointed out any particular application, in which, this 
salt is essential, it will not be necessary to follow 
up his remarks on it, though in other respects im- 
portant. 
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Q. Corrofiive sublimate ; 

R. Acetate of lead ; 

S. Sulphate of iron ; and, 

T. White arsenic are next enumerated, but their 
utility is dubious, and the observations upon them 
of little value to the analyst. 

U. Spirituous solution of soap is useful in giving 
general indications of the purity of water, which, if 
pure, scarcely renders it opalescent ; but, if abound- 
ing in fore^^ materials, or hard and unfit for wash- 
ing, it produces more or less opacity or precipi- 
tation. 

X. liver of sulphur is afiected by so many causes, 
that it may be dispensed with in the examination 
of waters. 

Y. Alcohol throws down such salts as it cannot 
dissolve, especially the sulphates. It dissolves 
many muriates and nitrates* 

I have thus enumerated the tests recommended by 
BsROMAK, and given an abridged account of his 
lemarks upon them, for the purpose of showing the 
rapid stride which, under his assistance, was made 
in analytical chemistry ; it is true that, of many of 
these re-agents and of their applications, he was not 
die original inventor ; but be was die first who showed 
the real value and the limits of the indications 
which they afford ; an effort of no common saga- 
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city, when we revert to the state of chemistry in 
his time. 

Proceeding with the analysis of mineral waters, 
Bergman next adverts to their gaseous contentSi 
which may be expelled by heating a given portion 
of the water in a retort, the beak of which is 
plunged into the mercurio-pneumatic apparatus, and 
the gas secured in the usual way. It oommonly 
consists of pure air and aerial acid ; the latter may 
be absorbed by lime-water. The presence of be* 
patic air is easily recognised by its fetor. 

The remaining water is directed to be evaporated 
to dryness, and the residue weighed and digested in 
pure alcohol ; and the residue, insoluble m alcohd, 
shaken with eight parts of cold water ; and finally, 
the matters which resist the action of alcoliol and 
cold water are to be boiled in four or five hundred 
parts of distilled water, and the solution filtered. 
The ultimate residuum genei^Uy contains iron and 
carbonate of lime, or perhaps of magnesia, previoosly 
suspjsnded by carbonic acid ; it may be in a fev 
instances argillaceous or siliceous, and perhaps oosr 
tain manganese, and directions are given at leBgA 
for its separate analysis, as well as that of the 
aqueous and alcoholic solutions : it is here that 
Bergman displays an ingenuity and accuracy thsa 
new to chemical science, for, in measuring his merits 
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by a true estimate, we must go back to the state of 
chemistry at hi^ time, ?tnd divest oiirselves of its 
modem perfections and refinements ; tlien the 
peculiar wd genuine character of his researches 
will bj^come promineat. 

Having, in the paper of which I have given %n 
outline, described the general principles of tlie 
analysis of mineral waters, Beroiun proceeds, in 
several following essays, to apply them to indivio 
dual analyses, and his diss^rts^tiqns on the waters 
and acidulous spring of Upsal, on seap water, and 
on the artificial preparation of hot and cold medi>- 
cated waters, each exhibit proofs of his skill as an 
analyst, and accuracy as an experimenter; but, 
although these and his other detached esoays are 
exGeltent in their way, we must here pass them by, 
in order to examine such of bis contributions as 
tended, to the general improvement and extension 
of cheoucal science; among these, his luminous 
dissertation on chemical attraction *, already advert- 
^ to, is pre-eminent, and the twenty-fourth essay in 
the second volume of his Opu^cf^Pf, entitled D^ Mi^ 
n^arum Docmuuia Humida (on the Art of Assaying 
ia the. Humid Way,) must he considered as the 
parent spuroe of that branch of analytical chemistry 
ao successfully followed up, though upon a limited 
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scale by Scheele, and in the improvement and 
tension of which Klaproth passed his long ani 
laborious life. 

It must be premised, that the assay or analysis 
minerals had, with the exception of the experimet 
of Margraaf of Berlin, hitherto been confined 
certain operations effected by the aid of fire.in whie 
except in common and obvious cases, their natu 
was rather guessed at than demonstrated 
art had its origin in the sixteenth century ; and 
1576 the celebrated work of Agricola broug 
before the Public all that was important in relati 
to it, describing the instruments and processes wi 
scrupulous and minute accuracy, and itlustrati 
them by a curious collection of cuts. Agbii 
■was succeeded by Lazarus Erckern, whose w( 
on the docimastic art is much eulogized by Boi 
i!AAVE. In the above-named essay Bergman poi 
out the fallacies and imperfections to which 
neouB analysis is liable, and dwells upon the i 
rantage of operating in the humid way, that is, 
solvents and precipitants. He then proceeds ' 
separate examinations of various metallic ores, u 
illustrations of his new method. Many of the 
elusions and reasonings contained in this essay 
'founded upon the details of the preceding one on 
tallic Precipitates. " He," says our author, " who 
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first saw the corrosion of a metal by a limpid 
liquid, who beheld the opaque and ponderous body 
gpradually disappear, and become a part of a trans- 
parent, and apparently homogeneous fluid, and 
who saw the same metal re-appear upon the ad- 
dition of a proper precipitant, must have been in- 
finitely surprised, and struck with admiration of 
the occult powers of nature. But because we are 
accustomed to these phaenomena, we neglect in- 
quiring into their causes, though of the utmost im- 
portance, as forming the entire basis of practical 
chemistry. Such phaenomena are so varied and 

intricate, that volumes would be insuflScient for 

* 

their complete discussion ; so that I propose to limit 
my observations to the separation of metals from 
acids, and to the particular consideration of the 
weights of the precipUatesJ* Then, after a luminous 
summary of the general phenomena of the solution 
of metals, he advances a series of facts relating to 
their precipitation; he shows that the caustic 
fixed alcalis occasion precipitates of the calces, 
but loaded with water, by which their weight is 
much increased : that carbonated alcali precipitates 
carbonated oxides by double decomposition : that 
certain acids, which form insoluble compounds 
with metals, throw them down from their soluble 
compounds : that certain salts act in the same way 
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by double elective attraction : and that in son 
Cases triple combinations ensue, as when platina 
precipitated by sal ammoniac. He then adverts 
the decomposition of one metallic salt by anothc 
even where the acid is the same in both. Thti 
sulphate of iron and muriate of tin decompose 
riate of gold. The metals also precipitate one ai 
other after a certain order, which is the same : 
all acid solvents, and effected by double electi' 
■ attraction, " for the metal to be precipitated e: 
in the solution in a calcined state, but being ! 
duced by the phlogiston of the precipitant, falls 
the bottom ; while the precipitant, being calcine 
becomes soluble. " Although," he says, " n 
anomalous circumstances occur in this mattet, 
ofder is constant and never inverted.'" The fiMt 
■ection of this paper explains the use of tests lor 
discriminating the metals, pointing dut the colon*- 
of metallic precipitates. "Gold and platinmn 
only in part separated from acids by the alcalW. 
Nitrate of silver affords a brown precipitate with 
caustic, and a white with aerated soda and with 
muriatic aeid. Solution of muriate of mercury 
gives a red precipitate with carbonated, and a yd* 
lowisb, or orange, with caustic alcali. The lal 
is black, if the solution be prepared without heat 
Nitrate of lead is precipitated white by caustic 
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alcali, an excess of which re-dissolves the precipi- 
tate. Nitrate of copper gives a bright green com- 
pound with aerated, and brown with phlogisti- 
cated alcali, (ferro-prassiate of potassa). Iron is 
thrown down green by aerated alcali, and the 
precipitate, on exsiccation, becomes brownish yel- 
low. Tin gives a white cloud with all the alcalis ; 
bismuth, white with water and alcalis; nickel, 
greenidi-white with alcalis and ferro-prussiate of 
potassa; zinc and antimony white with all al- 
cabs.'' 

Such is a short abstract of the contents of this 
section, which although obscured by the language 
of the old school, and therefore scarcely, perhaps, 
intelligible to the chemical student of the present 
day, abounds in useful and perspicuous details ; it is 
followed by the concluding section, containing a 
table of the relative weights of precipitates, pro- 
cured in different ways, from a solution of one 
handled parts of metals; and, as Bergman ob- 
serves, '' this table, upon proper examination, re- 
veals many mysteries." It seems to have been the 
general opinion at this period, that the relative 
weighta of precipitates were in all cases the same ; 
that is, that one hundred parts of lead, for in- 
stance, dissolved by nitric acid, and precipitated 
by caustic, aSnted, and phtogisticated alcali, and 
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by sulphuric acid, furnished an equal weight 
precipitate in each individual instance. Our autl 
here shows the fallacy of this opinion, and demt 
etrates the difference of weights to depend u| 
the different proportions of the precipitant ci 
tained in the precipitate, and upon the occasioi 
retention of a portion of the solvent. The list 
precipitates annexed to this paper will disclose^ 
to the attentive observer, principles analogous 
to those exhibited by the tables of RicHTSBfr 
and upon which one of the main pillars of tl 
theory of definite proportions may be said to rest. 
Bergman's essay on fixed air, or, as be hi 
chosen to call it, aerial acid, is the last of whichJ 
shall make any particular mention. His chief 
periments on this subject were probably mad 
about the year 1770. The dissertation 1 am 
quoting was read in 1774 before the Royal Socieqs 
of Sciences at Upsai, and is printed in their Tran*' 
actions for 1775. After describing the several 
■thods of obtaining fixed air by the action of acidit 
upon carbonates, by submitting them to a red hea^ 
and by fermentation, he proceeds to define the 
meaning of the word acid, in order to shew that 
fixed air belongs to that class of bodies ; that it is 
soluble in water, that it has a sour taste, reddena 
turnsole, and unites to and forms crystal lizable 
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pounds with alcalis, destroying at the same time 
their causticity. 

He detected this acid in the tnarmar metaUicum 
of CaoNSTEDT (carbonate of baryta), and observed 
the rapidity with which baryta water absorbs car- 
Ixmic acid from the air, forming an effervescent 
precipitate. Speaking of the action of carbonic 
acid upon lime, he gives a masterly sketch of the 
principal foots relating to the composition and de- 
composition of the carbonate of lime ; he shows 
the solubility of calcareous spor* in water impreg- 
nated with fixed air, and its subsequent deposi- 
tion, often in small crystals; and the same property 
is also proved to belong to magnesia. Bergman 
then goes on to discuss the elective attractions of 
fixed air, of which he gives the following table : 

Aerial Acid. 

Pure Terra ponderosa. 
— lime. 

fixed Vegetable Alcali. 

fixed Mineral Alcali. 

Magnesia. 
— -— volatile Alcali. 
Zinc. 

Manganese. 
Iron. 

He says it appears to be the weakest acid 
known, for it is expelled not only by vinegar, but 
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by the phlogisticated acid of nitre and vitriol (oi- 
trous and sulphurous acids) ; yet he obsenres thmt 
acetate of lead is decomposed by carboilic ieid, 
which afipears an anomaly, and suggests a ^luis- 
tion which he leaves utidecided till ej^rimttit 
shall hav6 enabled him to explain it The acid 
propertiei^ of fixed air are next dwelt upon, and 
the probability of its acidity resulting from foreign 
matter negatived ; for when " rightly depurated, 
though extricated by the most different means 
from the most different materials, whethte by firfe^ 
or by solution, it is nevertheless always the taan^ 
and always acid. I conclude, therefor^ with aH 
the certainty attainable in physics, that acidity is 
a property essential to that elastic fluid." Fcfna 
the imperfection of itppairatus, Bergman erted t 
good deal in calculating the specific gravity of fixed 
air; he, however, proved it heavier than atmos- 
pheric air, and thence accounts for its lodging in 
low situationd, as in pits and grots ; it is also 
shown to extinguish flame. 

The essays which I have now quoted, and which 
may be taken as a fair sample of his method of in- 
vestigation, exhibit Bergman in the light of a true 
philosopher, employing hypothesis as the precursor 
and not the substitute of experiment; coimte* 
nancing no theory but such as admits of .ripil #* 
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fnoDStration ; advancing no favourite doctrines nor 
hasty speculations, 4)ut always the candid narrator 
of facts. As the repeater of the experiments of 
others, he measures and weighs their conclusions, 
and assigns them their proper place in the history 
of science. When in the character of an original 
inquirer, he kindles the torch of experiment, and 
never advances beyond thebounds of its illumination. 
He seems profoundly to have admired Newton, and 
to have endeavoured to transfuse his methods of 
investigation into chemistry. '' That illustrious 
personage,^ he says, '' having solicitously accumu- 
lated facts, examined them with accuracy, and 
compared them with acuteness; from effects he 
advances to causes, and thence deduces the laws 
of the creation. His progress, though slow, is cer- 
tain; and his method, though tedious, is con- 
tinually unveiling the mysteries of nature. An 
edifice thus constructed acquires firmness by 
elevation, for its foundations are solid and per- 
manent." 

There is more method in Bergman than in any 
antecedent chemical writer ; his researches appear 
always to have been made with an object in view ; 
and there is an unity of design in his philosophical 
papers, which pleasingly distinguishes them from 
the undigested diaikioC •iperiiiieiitfe and observa- 
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tions which we are obliged to wade through in 
preceding authors. 



§XI. 

Bergman was followed by two great and toon- 
temporary luminaries of chemical science. Caven- 
dish * and ScHgELE "t", and though each attained the 
goal of distinction, they reached it by very different 
roads; showing the little influence of external 
circumstances upon the growth of inherent and 
vigorous genius : the former was a leading person 
in the scientific circles of London ; of noble family, 
and princely affluence. The latter, of humble ori- 
gin, and with limited means, made up for the 
deficiencies of place and fortune by zeal and eco- 
nomy, and, in the retirement of a Swedish village, 
raised a reputation that soon extended itself over 
Europe. 

Mr. Cavendish made two capital discoveries; 
one of which, that of the composition of Nitric 
Acid, has already been adverted to, and arose out 
of his incomparable researches on Hydrogen, and 



* Bom in London, 1731 ; died at Clapham, 1810. 
t Bom at Stralsund, 1742; died, 1786. 
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on the products of its combustion, which terminated 
in ascertaining the composition of water. 

Mr. Cavendishs first communication to the 
Royal Society relates to the analysis . of the waters 
of Rathbone Place, and contains nothing worthy of 
particular notice. 

In 1776, he presented the same learned body 
with a dissertation on Inflammable, Fixed, and 
Nitrous Air, printed in the Philosophkal DransactiofiM 
for the same year, and full of important and ori- 
ginal matter. Though his observations on fixed 
and on nitrous air were highly valuable, he had 
here been anticipated in some respects, and con- 
temporary chemists were on most points his suc- 
cessful rivals ; but his investigations relating to the 
properties of hydrogen were entirely his own, for 
although it was knoMm to others that gas was 
generated by the action of certain acids on certain 
metals ; though Mayow had collected it, and Hales 
proved its comblistibility ; it may safely be asserted, 
that the phasnomena of its production had entirely 
escaped attention, and that its principal properties 
were previously unknown. Mr. Cavendish shows 
that different metals afford different quantities of 
hydrogen; thus zinc yielded more than iron, and 
iron more than tin ; and further, that the state of 
dilution and quantity of the acid, provided there 
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was enough to dissolve the metal, did oot affect 
either the quantity or properties of the air. la 
examining its properties, our author observed that 
it extinguishejl flame, destroyed animal life, and 
burned when pure with a pale blue flame : he deter- 
mined its specific gravity, and found it was th^ 
lightest of all ponderable matter, hence its subse* 
quent suggestion by Dr. Black and Mr. Cavallo, 
as a substitute foj rarefied air in the balloon ; the 
former indeed fisdled in its application, and the 
latter only succeeded in the pretty experiment of 
elevating soap bubbles, by inflating them with 
hydrogen : he tried bladders, but the thinnest wem 
too heavy, and tissue paper was permeable to die 
gas : it is singular he did not think of gold-beaten' 
skin, which, for similar purposes, had been recom^ 
mended two centuries before by Scaliger the gram- 
marian*. 

The first ascent in a halloon filled with hydrogeq 
was made on the 1st of December, 1788, by 
Messrs. Charles and Robert, at Paris. In ao 
hour and three quarters, they alighted oa the mea* 
dow of Nesle, twenty-five miles firom the uxetXQr 
polis, and finding that the silk globe stiU letaJMli 
great buoyant power, M. Charles TeIlt^n^ 
upon a second ascent. The sun had. iM 

* Supplement to Encydopttdia BrUtmakH 
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shades of evening were gradually condensing into 
the darkness of night ; but his courage was re- 
warded by a most novel and sublime spectacle. 
He shot upwards with such celerity as to have 
attained the height of two miles in about ten 
minutes. The sun rose again to him in full orb, 
and from his lofty station in the heavens he con- 
templated the fading luminary, and watched its 
parting beams till it once more sunk below the 
horizon. The vapours, rising from the earth, col- 
lected into clouds and veiled it from his sight, 
while the pale rays of the moon scattered gleams of 
various hues over their fantastic and changing forms. 
Tlie region in which the aeronaut now hovered was 
extremely cold; the balloon appeared fully dis- 
tended, and upon opening the valve, the gas rushed 
out like a misty vapour into the external air. Pru- 
dence forbade this bold voyager to remain longer 
in such a situation; slowly therefore descending, 
he alighted in safety near the forest of Tour du 
Lay, having travelled about nine miles in thirty- 
five minutes. The barometer at the greatest ele- 
▼atimi fell to 20,05 inches, and the thermometer 
miok to 21^ Fahrenheit; he therefore appears to 
have ascended to about 9,700 feet above the level 

ived but an 
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abortive instrument in the hands of scien< 
Messrs. Biot and Gay-Lussac embarked fn 
Paris on the 23d of August, 1804, upon an aei 
excursion devoted entirely to scientific inquii 
At the height of 13,000 feet, no peculiarity 
peared to attach to electric or magnetic phaei 
mena. On the 5th of the following Septembari 
Gav-Lussac undertook a second voyage alone, 
attained the enormous height of 23,040 feet aboi 
the sea. Here he experienced excessive cold ; ia$ 
breathing was oppressed, and the pulse quickened; 
he, however, did not suffer the peril of bis situation, 
or the peculiarities of his sensations, to distract 
attention, and made several magnetic, electric, 
hygrometric observations, without either novel 
interesting results. Having alighted in safety 
the neighbourhood of Rouen, he returned to Pai 
and, in the presence of M. Thenahd, analyzed th»' 
air brought from the upper regions, which proved 
analogous in composition to that at the surface of 
the earth. 

To return to Mr. Cavendisu : having determii 
the specific gravity, and other abstract propel 
of hydrogen gas, he proceeded to examine tha 
results of its combustion, and found that when 
mixed in certain proportions with atmospheric air, 
it exploded on tlie contact of flame, and deposited 
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moisture in the vessel used for the experiment, a 
circumstance first noticed by Macquer in 1766, 
and referred by Mr. Watt to the production of 
water, in 1783. The experimental proofs, how- 
ever, were still wanting, and were supplied with a 
masterly hand by Mr. Cavendish, in a paper given 
to the Royal Society in 1784. He found that a 
stream of pure hydrogen, burned either in air or 
oxygen, produced a vapour condensible into pure 
water. The same product resulted from the rapid 
combustion of a mixture of inflammable and dephlo- 
gisticated airs, (oxygen and hydrogen gases.) These 
experiments were subsequently verified by ana- 
Ijrtical researches: water was decomposed by 
Lavoisier, by passing steam through a red hot 
tube containing iron, which absorbs its oxygen, and 
pure hydrogen is liberated in the gaseous form. 
The decomposing energies of electricity have also 
been applied to this fluid, and it is found uniformly 
to be resolved into one volume of oxygen and two 
of hydrogen, which disappear on passing an electric 
spark through the mixture, and are converted into 
their weight of pure water. 

The discovery of the composition of water was a 
great step in chemical science, for it developed the 
hidden cause of many important pluenomena of art 
and nature; no wonder, then, that the attention of 
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theorists was especially fixed upon it, some apply- 
ing it to the explication of all difficulties ; others 
rejecting even legitimate conclusions, and unwiUhig 
to strike this favourite element from the list of «iin- 
ple bodies. 

Mr. Cavendish was an enemy to the new Nomen- 
clature of chemistry, and was fond of foretelling its 
downfall ; he disliked' all innovations that were not 
rendered absolutely necessary by the progress of 
experiment, and would never adopt new opinions 
till fully and leisurely convinced of the fallacy of 
old ones. Though occasionally in his company, I 
scarcely ever knew him take a part of a continued 
dialogue, except at the Royal Society Club, where 
he dined every Thursday till within a short time of 
his death : and there he never spoke except to gain 
or give information. 

While Priestley and Cavendish were contri- 
buting to the chemical eminence of Britain, Schbub 
was diligently employed in the same pursuit under 
the patronage and guidance of Bergman, of whom 
it has been emphatically said, '^ that his greatest 
discovery was the discovery of Scheele," for he 
was the first to remark his promising genius and 
rising merit. 

Scheele s publication, entitled Chemical Observa- 
tions and Experiments on Air and Fire, is prefaced b) 
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an Introduction from the pen of his patron Bero- 
MAN, setting forth the advantages of experimental 
science, and the probable benefits that may result 
from the application of chemistry to the treatment 
and cure of diseases. 

Rnding air necessary for the production of fire» 
ScHBELE first turned his attention to its analysb ; 
he found, that solution of liver of sulphur, and 
certain other sulphureous compounds, occasioned 
a diminution in the bulk of air to which they 
were exposed, equal to one part in about five; 
the flame of hydrogen, and that of sul{Aur, 
caused a similar decrease of bulk in air standing 
over water, and lime-water not being rendered 
in either case turbid by the residuum, no fixed 
air was formed. He then obtains Empjrreal Air, 
(oxygen,) by the decomposition of nitric acid, 
and other processes; describes the method of 
transferring, collecting, and examining the gases, 
and endeavours to prove that heat is a compound of 
empyreal air and phlogiston ; he also shows, by a 
direct experiment, that the absorption occasioned 
in atmospheric air by liver of sulphur is referable 
to the abstraction of its empyreal portion ; that it 
totally absorbs empyreal air ; and that, upon adding 
to the residuary portion of atmospheric air, a quantity 

of empyreal air, equal to- that absorbed by the 

u t 
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sulphurous liquor, an air is again compounded, 
similar in all respects to that of the atmosphere. 
The identity of these investigations with those of 
Priestley will not fail of being observed; but it 
must be recollected, that they were entirely inde- 
pendent, and that although Priestley was in the 
field a little before him, Scheele was unacquainted 
with his proceedings. 

The details concerning the nature of air are fol- 
lowed by an inquiry into the properties of Heat 
and Light, which, though a little tainted by false 
theory, bears the stamp of an able and original 
mind. Adverting to the reflection of the rays from 
a common fire, by a concave metallic mirror, he 
remarks, that they pass in straight lines, without 
suffering any derangement from currents- or undu- 
lations in the atmosphere which they traverse; 
that glass intercepts the heat but not the light; 
that a mirror of glass reflects the light, but absorbB 
the heat, whereas metal reflects both ; the metal, 
therefore, if clean, does not become heated ; but, 
if blackened over a burning candle, it then absorbs 
heat, and becomes very warm. He notices the 
distinction between heated air and heat emanating 
in straight lines: '^ represent to yourself a little 
hillock of burning coals ; in this case, the heat dart- 
ing from this hillock all around is that which bm^ be 
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reflected by a metallic polished plate ; that, on the 
<M)iitraiy, which rises upwards, and may be driven 
by winds to and fro, unites with air. I call the 
first kind, by way of distinction, radiant heat.'' 
Discussing the phenomena of solar and terrestrial 
radiation, he considers their apparent difierences to 
result, not from any absolute difference in the 
nature of the emanating principles, but in their 
quantity. ^* There is no doubt,** he says, ** about 
the light of the sun and that of a burning candle 
being the same thing ; for this affects the eye in the 
same manner as the sun, and represents the same 
colours through the prism, but being weaker, it is 
no wonder that its beams collected in a burning- 
glass will not bum : nor is there any doubt about 
light being a body in the same manner as heat, but 
I cannot persuade myself that light and heat are 
the same thing, since experiment proves the con- 
trary.** 

Finding that light blackened nitrate of silver, 
though heat alone had no effect upon it, he considers 
light as containing an inflammable principle, and 
shows that luna cornea, after long exposure to the 
8im*s rays, is no longer perfectiy soluble in ammo* 
nia, but leaves a portion of reduced silver; he 
also shows, that when put into water, it forms 
mariatie acUl.in the light, bat not in the dark ; and 



166 HI9T0BY OF CUBMIstRT. 

that the violet rays produce these efifects more 
rapidly and powerfully than the other coloured rays, 
and even than white light. 

Among these experiments on air and fire some cu- 
rious facts are detailed, respecting the spontaneously 
inflammable compound discovered early in the last 
century by Homberg, and cMed Pyropharus ; it is 
shown that potash is necessary to its formation, and 
that alum crystallized by ammonia is unfit for its 
production. The evolution of hydrogen during the 
action of iron upon sulphur ; and of nitrogen, in the 
detonation of fulminating gold, are also among the 
facts contained in this essay ; as well as a variety of 
curious circumstances relating to the effect of vege* 
tation and respiration upon air ; and it closes witii 
an account of the properties of Sulphuretted Hy- 
drogen. 

Exclusive of the experimental details, there is little 
to praise in the Treatise on Air and Fere, for the 
theories which it contains are often strained and 
illicit, and do not easily admit of being rendered 
intelligible by the translation of the phlogistic lan- 
guage, into that of the modern school ; nor are 
Scheele's detached essays altogether free firon 
similar blemishes, but then they are so rich i 
that we the more easily overlook 
His dissertation on Manganese, &^ 
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a descriptioii of the principal salts of that metal, con* 
tains the important discovery of Dephlogisticated 
Muriatic Acid, or, as it is now termed. Chlorine ; 
and his views respecting it, and the nature of the 
muriatic acid, are remarkably correct, and perfectly 
intelligible in present theory, if we substitute hy- 
dn^en for phlogiston ; it will then be found that 
muriatic acid is regenerated by the addition of 
hydrogen to chlorine, and that hydrogen is evolved 
by the abstraction of chlorine from muriatic acid. 

Bbrthollet's hypothesis of the nature of chlorine 
for a time superseded the theory of Scheble, and 
under the name of Oxymuriatic Acid it was regarded 
as a compound of oxygen and muriatic acid ; but, 
in 1811, Sir H. Davy, in an important dissertation 
on the subject, published in the Pldlasophical Tram* 
actions, demonstrated the errors of the French school, 
revived the doctrine of Scheele, and established it 
by a body of evidence now generally received. 

In his essays on Fluor Spar, and its acid, Scheelb 
has committed several errors, among which the most 
glaring is the conclusion which he draws respecting 
the formation of siliceous earth. When powdered 
^uor spar is distilled with sulphuric acid in a glass 
I*tort» the siliceous earth of the glass is dissolved by 

I Amr, carried over with it in the gase- 

1 in the receiver con- 
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taining water ; Scheele inferred that siliceous earth 
was here formed by the union of fluor acid and 
water ; and, persisting in his error, he endeavours 
to show that the same formation ensues in metallic 
vessels, and therefore independent of glass ; but he 
takes no due precautions against the presence .of 
silica in the fluor he used. Yet there is much 
to praise in the methods of analysis employed in 
investigating the nature of this singular body ; it is 
a subject full of difficulties, and can scarcely be 
called complete even at the present day, though it 
has engaged the attention of the most acute analysts. 
The acids of arsenic and of molybdenum were first 
examined by Scheele, and he first shewed the di^ 
ference between Molybdenum and Plumbago^ and 
pointed out the existence of charcoal and iron in the 
latter. 

In 1778 Scheele made known the preparation of 
Arsenite of Copper, and recommended it as an use- 
ful and permanent colour in oil and water painting; 
and in 1779 he took up the important subject of the 
decomposition of neutral salts by unslaked lime and 
iron. He found upon the iron hoops of a tub of 
salted turnips, which had been placed in a damp 
cellar, a quantity of salt resembling mineral akaU^ 
and was struck with the circumstance, f*» kaei 
that the attraction of acid of salt is wei 
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than for mineral alcali. " He dipped plates of several 
other metak into solutions of common and Glauber s 
salt, but found that iron only was effectual in their 
decomposition, and that the action was more rapid 
ina damp cellar than elsewhere ; he also found that 
quicklime decomposed those salts in the same situ- 
ation ; and that the decomposition was dependant 
upon the presence of carbonic acid in the atmo- 
sphere of the vault 

In the essays on Milk and Sugar-of-milk, there 
are many curious circumstances respecting the ac- 
tion of re-agents upon that liquid, and these papers 
deserve particular notice, as among the earliest spe- 
cim^u of the analysis of animal fluids. Chemists 
are. at present undetermined respecting the nature of 
the acid generated in sour-milk ; it is most probably 
vinegar, modified by the presence of animal matter ; 
some consider it as a distinct compound, and have 
called it Ijoctic Add. Scheble observes that, from 
his experiments, it appears ** that the acid of milk 
is an acid of a peculiar kind, and though it expels 
the vinegar from acetated vegetable alcaU, yet it 
seems destined, if I may so speak, to be vinegar/' 
He attributes its difference to the vrant of some 
liannenty and shews that the addition of a little 
y.|Q.im)k« causes it, when fermented, to afford 
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The method of obtaining the Citiric and some other 
vegetable acids, by decomposing their compounds 
with lime by sulphuric acid, is also among Scheblb's 
discoveries ; his essays on Tungsten, on the prepa- 
ration of Calomel in the humid way, on Urinary 
Calculi, on ^ther, and on Benzoic acid, each contain 
important facts, and display new modes of inquiry; 
and deserve the perusal of those who may be en- 
gaged in investigations relating to the several sub- 
jects of which they treat. 

The last essay to which I shall advert in this his- 
torical view of Scheele's discoveries, was published 
in 1782, and is entitled Experments an the Colourmg 
Matter of Prussian Blue. This very singular sub- 
stance was accidentally discovered early in the last 
century, by Diesbach, a colour-maker at Berlin ; 
the preparation was, however, kept secret till pub- 
lished by Woodward, in 1724. In 1752, Macqueb's 
dissertation upon it presented a connected view of 
its chemical history, which, however, was imperfect 
and unsatisfactory. Scheele directed his attentioD 
to the discovery of the principle upon which its 
colour depended. He shows that the salt afiforded 
by digesting Prussian blue in caustic potad, is a 
triple compound of the colouring principle^ irrai^wpil 
potash, iron being the medium by which tl 
ing matter is attached to the al 
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decomposed by distilling its aqueous solution with 
a small quantity of concentrated vitriolic acid, and 
the liquor which passed into the receiver carried 
with it a great portion of the colouring principle, 
vdiich has since been termed Prusm Add. Scheele 
then goes on to show that the action of this acid, 
in its pure state, upon metallic solutions/ is very 
different from that which it exhibits when combined 
withalcalis. United with lime, he found that it 
affinded precipitates in the greater number of me- 
tallic solutions. Our author enters into much in- 
teresting speculation and experiment, relating to 
the nature of this colouring principle, and consider- 
ing the difficulty of the subject, treats it with perspi- 
cuity and success. It is only very recently that 
this inquiry has been perfected by M. Gat-Lussac, 
whose essay relating to it is among the most perfect 
models of chemical investigation. 

Scheble's dissertation on Prussian blue was 
nearly his last contribution to the science which he 
had so much embellished and improved, for he died 
in 1786, at the age of forty*four. 

It requires no deep inquiry, or minute investiga- 
tioDy to detect, in the researches of Priestlet^ 

and Cavendish, the materials of which 
-^ Lavoisier, aided by several ce- 

h ^dhooly constructed 
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his new theory, and a retrospect of the works of 
Mayow and Hooke, will show that the Antiphlo- 
gistic System almost necessarily arose out of a com- 
bination of their viewar with the more modem dis- 
coveries. In maintaining, however, that the mate- 
rials employed in raising this celebrated system, 
were of foreign, and chiefly of British origin, I would 
by no means be understood as detracting from the 
indisputable merit of those to whose persevering 
diligence chemistry owes so much of its present 
importance ; by whom the scattered and uncon- 
nected facts of the science were brought together 
and arranged, and who cleared its paths of the 
numerous obstructions with which they were pre- 
viously beset. 



§XIL 

The numerous and important contributions with 
which the celebrated but unfortunate Lavoisier* 
enriched the chemistry of his time are to be 
found in the Memoirs of the Royal Acaderngf of 
Sciences of Paris ; but as he has chiefly been ede- 
brated as a theorist, I shall here confine . myMlf 

* Bom in 1743, at Paris, where he fell a ?ictiin to ^ 
tion, on the 8th of May, 1794. 
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to such of his inquiries as bear upon that celebrated 
reform in the science, by which a new nomenclature 
was introduced, and which ended in the banishment 
of phlogiston. In this reform Lavoisier took the 
lead, and, though his original investigations con- 
nected with it, are few and comparatively unim- 
portant, he availed himself with so much skill and 
success, of the labours of others, as, by placing 
them in new points of view, and exhibiting their un- 
expected applications, to render them almost his 
own. Lavoisier's character has, in some measure, 
sufifered by the misguided zeal of his admiring com- 
mentators, who, not satisfied with allowing him his 
doe merit for the logical precision and sagacity of 
mduction which he brought into chemistry, have 
represented him as havmg the experimental activity 
of Priestley, and the laborious diligence of Scheele. 
But Lavoisier, though a great architect in the 
science, laboured little in the quarry ; his materials 
were chiefly shaped to his hand, and his skill 
was displayed in their arrangement and combina- 
tion. 

A connected view of his principal reasonings and 
most prominent researches will be found in his 
ElMieMdcCkimie, published at Paris, in 1789. This 
in emy wmy eminently important, is divided 

i: the first treats of the 
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formation and decomposition of aeriform fluids, of 
the combustion of simple bodies, and the formation 
of acids : the second, of the combination of acids 
with salifiable bases, and of the formation of neutral 
salts : and the third, of the instruments and opera* 
tions of chemistry. 

The first Section opens with a discussion concern- 
ing the Nature and Operations of Heat, which he 
defines as a real and material substance, or a very 
subtile fluid, separating the particles of bodies from 
each other by insinuating itself among them. This 
exquisitely attenuated substance he calls Cahric, and 
though he allows that light, in many instances, pro- 
duces phaenomena analogous to those of heat, thou^ 
they have certain qualities in common, their identic 
not having been demonstrated, they are to be con- 
sidered as distinct ; he then dwells upon the requi- 
site caution in investigating the properties of caloric, 
since they are known only by fleeting and diflicultly 
ascertainable effects ; '^ it is in those things,"* he say8» 
^' which we neither see nor feel, that it is especially 
necessary to guard against the extravagancies of 
the imagination, which, always inclining to overstep 
the bounds of truth, is difficultly restrained by the 
narrow limits of facts." The influence of heat upM 
the states of bodies is then illustrated, and tiMk 
relative capacities for heat alluded to. He 
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solidity, liquidity, and aeriform elasticity, are only 
three different states of existence of the same matter, 
or three particular modifications which almost all 
substances are susceptible of assuming succes- 
sively, and which solely depend upon the degree 
of temperature to which they are exposed, or, in 
other words, '' upon the quantity of caloric with 
which they are penetrated/' In consequence of 
this influence of caloric, the possible existence of 
oertain metallic substances in our atmosphere is 
inferred ; '' such a substance, for instance, a little 
more vdatile than mercury, might exist there." 
Lavoisier then proceeds to the analysis of atmo- 
spheric air, which he effects by exposing fifty cubi- 
cal inches of it to heated mercury ; it undergoes a 
decrease equal to one-sixth of its original bulk, and 
becomes unfit for respiration and combustion: at 
the same time, the quicksilver is partly converted 
into a reddish matter, 45 grains of which heated 
red hot in a proper retort, afforded 41,5 of running 
mercury, and 7 or 8 cubical inches of gas, emi- 
nently supporting combustion, and being the de- 
phlc^sticated air discovered by Priestley. The 
re-combination of the 42 cubical inches of the me- 
{Aitic air of the retort, with the 8 cubical inches 
a(> dqpUogisticated air, separated from the mer- 

^ cubic inches of atmospheric air. 
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Lavoisier considered all aeriform fluids as com- 
pounds of a ponderable basis, with caloric and 
light; in the above experiment, the ponderable 
part of the dephlogisticated air unites to the 
quicksilver, but the union is effected so slowly, 
that the phaenomena of combustion are not per- 
ceived; if, however, red hot iron wire be intro- 
duced into the air evolved from the red compoiind 
of quicksilver, it acts rapidly upon it, and its 
decomposition is attended by the copious evolution 
of heat and light, while the iron undei^foes an 
increase in weight equivalent to that of the air 
absorbed. 

In discussing the principles of nomenclature, 
most applicable to the different aeriform fluidi, 
Lavoisier retains, after the example of Macqueb, 
the word gas, used first by Van Helmont, as 
a generic term for all that differ from atmospheric 
air ; he shows that one of the most general proper^ 
ties of vital or dephlogisticated air is to form acids, 
and hence he gives it the name of oxygen gas; 
the other element of the atmosphere is called azoic 
gas from its fatal effects upon animal life, a term,- 
^' commendable" says Lavoisier^ '^ because it only 
expresses a matter of fact.*' 

The combustion of sulphur, phosphorus^ woA 
bon, is next shown to be attendi^ 
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phaenomena as that oi iron, namely^ the extrication 
of heat and lights with the union of the ponderable 
part of the oxygen with the combustible; and 
the principles of nomenclature applicable to these 
diflferent compounds are developed. Where oxygen 
does net form an acid, its compounds are termed 
oxides ; and where more than one oxide, or acid, is 
formed, the termination of the base indicates its 
nature ; thus there are four compounds of nitrogen 
with oxygen, two oxides and two acids ; the 
fonner are respectively termed nitrcut and nMc 
ojbUUs; and the latter, nitraus and nitne adds ; the 
mmunum and nuixmum of oxygen being in each ease 
designated by the termination ous and ie. The 
ierm kjfdtogen is applied to inflammable air, shown 
by Cavendish to be the basis of water ; and fixed 
air is called carbonic add, since it is identical with 
the result of the combustion of charcoal in oxygen. 
In connexion with the latter subject, Lavoisier 
made the grand discovery of the production of car- 
bonic add by the combusticm of the diamond, 
iLiis demoQBtrating its identity with charcoal, and 
dbowing that their external d^er^ices arise firoi^ 
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line of distinction between the educts and products 
thus afforded ; he also inquired with more Buccess 
than any of his predecessors into the phaenomna 
of fermentation, and by examining the cbnt^dts of 
certain vegetable juices previous to and after tiiit 
process, he drew some very curious concluBions re^ 
specting the changes that take place. 

In his observations upon salifiable bases, and the 
formation of neutral salts, Lavoisier has described 
the phaenomena of the solution of metals in the fft- 
rions acids ; he adverts to the oxidizement of the me- 
tals previous to their solution, and to the consecpMiit 
liberation of hydrogen ; and has the following acute 
surmise respecting the nature of the alcaline earthly 
which then were considered as elementary bodies. 
^^ From these pheenomena it appears that oxygen 
is the bond of union between metals and acids, and 
from this we are led to suppose that oxygen it 
contained in all substances which have a strong 
affinity with acids; hence it is very probibk 
that the four eminently salifiable earths contiii 
oxygen> and that their capability of uniting wiA 
acids is produced by the intermediation of thtf 
element. What I have formerly noticed nk^ 
tive to these earths, namely, that they may vtij 
possibly be metallic oxides, with which oi| 
has a stronger affinity than with caihon^* 
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qoently are not redncible by any known means, is 
considerably strengthened by the above considera- 
titHUk" Sir H. Dayt, in showing die combustibiiity 
of the metals of the alcalis in carbonic acid, has 
veiified this anticipation* 

In the second part of the Elemmts Lavoisier 
treats of the formation of Nentral Salts, and throws 
out new and important views, relating to the eon- 
stitiition of ehemical compounds. Speaking of the 
influence of Light as a chemical agtet, he adverts 
to its ffU^lay action upon the vegetable kingdom, 
and BQpposes that it combines with certain parts of 
viegstaUes, and that the gieen of their leaves, and 
tiie various ccdours of their flowers, are diiefly 
owmg to this combination. '' This much," he 
says^ '' is certain, that plants which grow in dark- 
DOSS, are perfectly white, languid, and unhealthy, 
and that to make them acquire vigour, and recover 
their natural colours, the direct influence of light 
im Absolutely necessary. Someidiat similar takes 
plaoe even in animals. Mankind degenerate to a 
certain degree, when employed in sedentary ma- 
nwfartnres, or living in crowded houses, or in the 
niUfow lanes of large cities ; whereas they improve 
ill llmr nature and constitution in most of the coun- 
cil >la]MMiis vfaioh are carried on in the open 
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In these observations there is much irrelevant mat 
ter. The chemical action of light, is a subject whid 
scarcely seems to have attracted due attentioa 
The remarks of Lavoisier incorrectly refer its inl 
fiuence to direct combination ; it rather appeanl 
to modify, and generally to exalt, the mutual; 
agencies of bodies, of which we have some : 
markable instances in the action of chlorine upoi 
hydrogen, and upon carbonic oxide ; and of chloriiMK 
and several of the chlorides upon water, froarf 
which it occasions the evolution of oxygen an^ 
the production of muriatic acid, a change whldt 
gave rise to the idea of the existence of oxygen a 
muriatic acid as the components of chlorine, t]ii 
agency of the water and the nature of the muriatil 
acid not having been taken into the account. < 

In his observations on the combination of oxy 
gen, the conditions requisite to the oxidizemenl of ' 
bodies are mentioned ; such as the diminution of 
aggregation by heat, which causes many sub-j 
stances to attract the oxygen of the atmospben 
their ignition with nitre, or with chlorate 
potassa ; and their solution in certain acids, espl 
cially the nitric. The combinations of the dSf'* 
ierent combustible substances are next reviewed, 
and those of the acids and of some other com- 
pound bodies. 
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The third part of the Elements is occupied with 
the description of a variety of chemical operations, 
which were exceedingly improved and extended by 
Lavoisier. He shines as the inventor of costly 
and complicated apparatus, the greater part of 
which might, however, have been superseded by 
simpler and cheaper utensils. 

This sketch of the contents of Lavoisier's Ele- 
merUs of Ckemistry, will sufficiently showthe extent 
and perspicuity of his views as a theorist; and 
though the arrangement is now open to much 
objection, it was then admirably calculated for the 
use of the student, and well fitted to display the 
strongest parts of the anti-phlogistic system in the 
most favourable light; it was, indeed, impossible, 
that any one of unbiassed judgment could seriously 
retain the phlogistic doctrines after the perusal of 
thia masterly refutation; but, if we look to the 
abstract facts upon which it rests, we shall search 
in vain, either in the works of Lavoisier, or in those 
of his contemporaries ; they were exclusively fur- 
nished from other quarters ; and, without any 
undue prejudice, of which, indeed, science should 
always stand divested, they will, I think, chiefly 
be found in the writings of Matow and Hooke> 
and in those of Priestley and Scheele. The 
prominent features of the French theory are its 
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explanation of the pbaenomena of combustion 
of acidification, the presence of oxygen b< 
deemed essential in both cases. That air is 
food of fire, was known in the remotest ages ; 
it causes the increase of weight sustained by mel 
during their fusion and calcination, was shown 
Rey early in the seventeenth century ; that a pi 
only, of the atmosphere, is concerned in the si 
port of flame, was explained by Hooke in 16( 
and that the vital or igneous spirit, as he terms % 
of the atmosphere, is concerned in the formatioo 
of acids, was asserted by Mayow in 1674. Her^ 
without advancing into the eighteenth century, vre 
have, in explicit detail, all the facts and arguments 
requisite for the construction of the French theory 
but if to theee we add the discovery of oxygen 
Phiesti-et, and of the composition of water 
Cavendish, what then becomes of its claims tD 
originaUty ? 

Although Lavoisier made few original disco- 
veries, his talents were, perhaps, more usefully 
employed in setting forth and elucidating the re- 
searches of others, a task which he performed witi 
great skill and success : in reviewing hypotheses 
he diligently contrasts them with facts ; 
and measure, which had been introduced 
chemistry by Behgman, were strictly insisted 
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in all his manipulations^ and in his hands chemistry 
assumed the features of a new branch of knowledge, 
and put on that character which, at no very distant 
period, must probably render it a general study. 

Connected with the labours of Lavoisier is the 
celebrated reform of chemical nomenclature effected 
by him and his associates, among the most eminent 
of whom we may enumerate GhirroN Morveau*, 
and FouRCROvf. The difficulties of such a task 
may be well imagined, and they were encountered 
with considerable address; and it must be con- 
leased, that, while it particularly tended to the 
dissemination of the anti-phlogistic doctrines, it 
iacilitated the general acquisition of the science ; 
the ludicrous terms of the alchemists were rejected, 
and names founded upon the nature of compound 
bodies, and upon the leading qualities of elementary 
substances, became their more sensible substitutes. 

Had chemistry remained stationary, or nearly so, 
the French nomenclature, if not unobjectionable, 
would, at least, have been efficient : but, inde- 
pendent of those imperfections evinced by a re- 
ference to the philosophical principles of language, 
the plam was quite unsuitable to a branch of know- 
ledge so eminently and rapidly progressive. Hence, 
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many of the terms, once unexceptionable, 
now become, not merely objectionable, but absurc 
and are only retained in consequence of the vei 
serious inconvenience to which innovation iieca 
sarity tends. I have, consequently, in the foUoi 
ihg pages, checked myself whenever I felt incline 
to change old and accepted terms for those of mo) 
recent coinage; and, in the selection of namfl 
necessarily new, I have preferred such as are mol 
analogous to those previously in use, being cm 
vinced that a partial reform would be useless ; aa 
a radical one, mischievous. For these reasons, j 
have declined the adoption of Sir Humphry Davt5 
principles of nomenclature, to whose subjoinflj 
opinion, however, upon this subject, I entire|| 
subscribe*. 

" Simplicity and precision ought to be the cfa) 
racteristics of a scientific nomenclature ; wow 
should signify things, or the analogies of thingi^ 
and not opinions. If all the elements were < 
tainly known, the principle adopted by Latoisiki 
would have possessed an admirable applicatioBi 
but a substance in one age supposed to be simpltl 
in another is proved to be compound ; and mce t 
A theoretical nomenclature is liable to continiu 
alterations ; oxygenated muriatic acid is as impropi 



' Yemenis ofCkemkal PhUosophy, pp. 46, 47. 



UISTORY OV CUEMISTRT. 185 

a name as dqMogisticaUd marine add. Every school 
believes itself in the right; and if every school 
assomes to itself the liberty of altering the names 
of chemical substances, in consequence of new 
ideas of their composition or decomposition^ there 
can be no permanency in the language of the 
science ; it must always be confused and uncertain. 
Bodies which are similar to each other should 
always be classed together; and there is a pre- 
sumption that their composition is analogous* Me-~ 
tals, earths, alcalies, are appropriate names for 
the bodies they represent, and independent of all 
speculative views; whereas, oxides, sulphurets, 
and muriates, are terms founded upon opinions of 
the composition of bodies, some of which have been 
already found erroneous. The least dangerous mode 
of giving a systematic form to a language^ seems 
to be, to signify the analogies of substances by some 
conmion sign a£Sxed to the beginning, or the ter- 
mination of the word. Thus, as the metals have 
been distinguished by a termination in um^ as awwn, 
so their calciform, or oxidated state, might have 
been denoted by a termination in a, as aura ; and 
no progress, however great, in the science, could 
render it necessary that such a mode of appellation 
should be changed. Moreover, the principle of a 
composite nomenclature must always be very fi- 
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mited. It is scarcely possible to represent 
consisting of five or six elements in this way, and ' 
yet it is in such difficult cases that a name implyii^ 
a chemical truth would be most useful/' 

Among the causes that have contributed to the 
recent progress of chemical sicience, we ham 
already had occasion to advert to the doctrine of 
definite proportionals, which has enabled us to sub- 
mit many of the phaenomena of chemistry to calco- 
lation, and which promises to elucidate some of its 
most abstruse parts, upon mathematical principles ; 
but the chief source of the rapid advancement of 
chemistry during the present age, is doubtless the 
discovery of the relation of electrical to chemical 
changes; a discovery which has unfolded entirely 
new views of the mutual agencies of bodies, and 
which has equally furnished the theoretical and 
practical chemist with materials for speculative 
and experimental inquiry. 

That the contact of diflferent metals is frequently 
attended by their electrical excitation seems first 
to have been observed by Mr. Beiwbt in tbe year 
1789*, and the curious experiments of Galvaki 
upon the convulsions excited in the limbs of animals^ 
by the application of certain metals to their mus- 
cular and nervous fibres, led Volt a to investigate 
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ihe cause of such phenomena, and to attempt the 
accumulation of such electricity, which he attained 
by a succession of copper and zinc plates with 
intervening pieces of moistened pasteboard: the 
zinc extremity of this pile was always in the 
positive, and the copper in the negative, electrical 
-state, and the quantity and intensity of the elec- 
tricity were found to augment with the number of 
alternations. 

This instrument has been productive of two 
series of discoveries in chemistry, one of which 
has arisen out of its power of producing heat, and 
the other frcun its peculiar influence over the com- 
position of bodies. The former has taught us the 
Ittskm and combustion of a number of substances : 
the latter has developed a new cause which influ- 
ences chemical effects, depending upoo the commu- 
nioation of attractive and repulsive energies to the 
elements of compound bodies. 

Substances, held together by the strongest known 
affinities, sufier decomposition when submitted to 
the action of this all-powerful agent, and <me series 
or class of elements is always attracted by the one 
pole, and another by the oppositely electrical sur- 
face; and it has been inferred from these facts, 
that one power is productive of electrical and of 
chemical changes, acting in the former instance 
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upon masses of matter, in the latter upon ifii ete' 
mentary particles. 



In the preceding details I have endeavoured to 
lay before the student a succinct account of those 
researches and discoveries upon which the super- 
structure of modem chemical science has been 
raised : to descant upon the investigations of con- 
temporarieSy to discuss the respective merits and 
importance of their inquiries^ and to set forth in 
due terms their claims to the gratitude of their 
4X>untry, and to the veneration of mankind, is a 
task which must be resigned to the future historian. 

To those who will cast an eye upon chemistry, 
as 1^ by Lavoisier, and upon its present improved 
state, no remarks need be offered upon its extra- 
ordinary and rapid advancement ; upon the unre- 
mitting industry, and penetrating research, with 
which it has lately been pursued; nor upon the 
genius that has been displayed in its fertile and 
fascinating fields. 



MANUAL OF CHEMISTRY, 



r 



MANUAL OF CHEMISTRY. 



CHAPTER I. 

OP THE POWERS AND PROPERTIES OP MATTER, AND OP 
THE GENERAL LAWS OP CHEMICAL CHANGES. 

1 . It is the object of Chemistry to investigate all changes 
in the constitution of matter, whether effected by heat, 
mixture, or other means. Its general range, therefore, 
is so extensive, and the individual cases requiring ex- 
planation, so numerous, that Arrangement is of the first 
consequence to its successful study ; and, in the present 
state of our knowledge, it will be found most convenient 
to begin with the discussions relating to the general 
powers or properties of matter, and afterwards to 
proceed to the examination of individual substances, and 
to the phsenomena which they offer when presented to 
each other under circumstances favourable to the exer- 
tion of their mutual chemical agencies. 

2. The powers and properties of matter, connected 
with chemical changes, may be considered under the 
heads of 
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1. Homogeneous Attraction. 

2. Heterogeneous Attraction, or Affinity. 

3. Heat. 

4. Electricity. 

Section I. Homogeneous AUradbn, 

3. Attraction may be regarded as acting at sensiblo 
and at insensible distances. In the former case, it is 
called gravitation. It is the power by which subrtancei 
are propelled towards the earth ; it exists in all known 
forms of matter ; and it acts directly as the mass, and 
inversely as the square, of the distance: Restrained 
by inertia, it preserves the planetary bodies in their 
orbits, presides over their movements, and tends to 
confer upon the system of the universe that consummate 
harmony which the genius of Newton has unveiled. 

4. Attraction is also exerted at insensible distanpeSi 
and among the minutest atoms of matter, It (fans pre- 
serves the form, and modifies the texture, of solids, give^ 
a spherical figure to fluids, causes the adhesion of sur- 
faces, and influences the mechanical characters of bodies; 
and, when it operates upon dissimilar particles, it pro- 
duces their union, giving rise to new and infinitely- 
varied productions. 

5. The results of attraction, as relating to the tex- 
ture and forms of matter, are influenced by the circum* 
stances under which it has taken place. Sometimes (be 
particles are, as it were, indiscriminately collected ; at 
others, they are beautifully arranged, giving rise to 
regular and determinate figures : In this case, bod^ 
pf the same composition almost invariably aflect the 
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mme fnrm; hence we are often enabled to infer the 
Composition of a substance from accurate impectioii of. 
tta external or mechanical characters. 

6. The regular polyhedral solids thus resulting from 
Bie influence of attraction upon certain kinds of matter, 
ire usually called crifstals ; and the bodies are said to be 
Ittsceptible of crystallization. 

I 7. To enable the particles of bodies to assume that 
legular form which crystals exliibit, it is obvious that 
fccy must have freedom of motion ; and, accordingly, 
fte first step towards obtaining a body in its crystalline 
Ibrm, is to confer u]ion it eitlier the liquid or aeriform 
|ta(e. The former is usually effected by solution in 
grater ; the latter by exposure to heat. 
i 8. When common salt is dissolved in water, its par- 
pcles may be regarded as disposed at regular distances 
fcroughont the fluid; and if the quantity of water be 
^nsiderable, the particles will be too far asunder to exert • 
fcciprocal attractiini ; in other words, they will be more 
powerfully attracted by the water tliim by each other. 
\i we now slowly get rid of a portion of the water by 
Evaporation, the saline particles will gradually approach 

f[ch other, and they will aggregate according to certain , 
ws, producing a regular solid of a cubic form. 
i| 9. The regularity of this figure will be influenced by 
fte rapidity of the evaporation ; if the process be slowly; 
ionducted, the piirticles unite with great regularity ; if | 
ilirried, the crystds are irregular and confused, \x^^ 
fomiiion cases, the evaporation may be continued till a , 
bellicle forms upon the surface of the solution, which 
fadicates that tlie attiiiction of the saline particles for 
lach other, is becainiug superior to their attraction i 
VOL. I. o 



194 CRYSTALLIZATION. 

the water. The formation, therefore, of a superficial 
pellicle is the common critorion of the fitness of a 
solution for crystallization ; but where the object is to 
obtain very regular and very large crystals, the evapo- 
ration must be much slower, and carried to mudi less 
extent ; even spontaneous evaporation, or that which 
takes place at common temperatures, must be resorted 
to. 

10. There are certain bodies which may be dissolved 
or liquefied by heat, and during slow cooling, may be 
made to crystallize. This is the caie with many of the 
metals, and with sulphur. Some other substances, when 
heated, readily assume the state of vapour, and, duriag 
condensation, present regular crystalline forms; such 
as iodine, benzoic acid, camphor, ^c. : and in this way 
crystals of snow are produced by the cooling of aqueoui 
vapour. 

11. Some substances are so easily decomposed by 
heat, and at the same time retain water with such ari- 
dity, that it is impossible to crystallize them by any of 
the above processes ; in these cases, crystallization may 
sometimes be effected by placing the solution under 
the exhausted receiver of an air-pump, over a surfiice of 
sulphuric acid, which by absorbing the vapour as it 
rises, causes rapid evaporation without increase of tem- 
perature. 

12. The hardness, brilliancy, and transparency of 
crystals, often depend upon their containing water, which 
sometimes exists in them in large quantities. Thai, 
sulphate of soda, in the state of crystals, contains more 
than half its weight. Sulphate of lime, in its crystallised 
form, contains about 20 per cent, of water, which it 
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loses at a red beat, and the crystals crumble down into 
the white powder called Plaster of Paris. This is 
termed water of crystallization. Some salts part with it 
by simple exposure to a dry air, when they are said to 
effloresce ; but there are other salts which deliquesce^ or 
attract water from the atmosphere. Those crystals 
which effloresce by exposure to air, may often be con- 
veniently preserved, by slightly oiling their surfaces. 
The best method is, to soak the crystals in oil for a 
few hours, and then to wipe them, and put them up in 
bottles. 

13. Some salts, in consequence prdbably of their 
strong attraction for the water that retains them in solu- 
tion, cannot be brought to crystallize in the ordinary way. 
In such cases, crystallization may sometimes be cflected 
by the addition of substances having a strong affinity 
for water, by which its attraction for the dissolved 
matters is weakened: thus alcohol, added to certain 
aqueous saline solutions, produces a separation of crystals, 
but tiiey are generally small and indistinct. 

14«. When two salts of different solubilities are pre- 
sent in the same solution, they often may be separated by 
crystallization, that which is least soluble constituting 
the earlier crop of crystals. 

15. Crystallization is accelerated, by introducing 
into the solution a nucleus, or solid body, upon which the 
process begins ; and manufacturers often avail tliemselves 
of this circumstance. Thus we see sugar-candy crys- 
tallized upon strings, and verdigris upon sticks. There 
are cases in which it is particularly advantageous to put 
a few crystals of the dissolved salt into the solution, 
whidi soon cause a crop of fresh crystals ; and in some 
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instances, if there be two salts in solution, that will 
most readily separate, of which the crystals have been 
introduced. 

16. A strong saline solution, excluded from the air, 
will frequently crystallize the instant that air is admitted, 
— a circumstance unsatisfactorily referred to atmogpheric 
pressure. In other cases, agitation produces the same 
effect. These phsenomena seem connected with the 
doctrine of latent heat, but hitherto they have only been 
imperfectly investigated : in some cases they have been 
shown by Dr. Ure to be aflected by electrical changes. 
— Quarterly Joumaly Vol, x., p. 6. 

17. The presence of light also influences the proces 
of crystallization. Thus we see the crystals collected 
in camphor bottles in druggists' windows always nuMt 
copious upon the surface exposed to light ; and if we 
place a solution of nitre in a room which has the liglht 
admitted only through a small hole, in the window- 
shutter, crystals will form most abundantly upon the 
side of the basin exposed to the aperture through which 
the light enters, and often the whole mass of crysttb 
will turn towards it. 

Many saline solutions form arborescent crystalline 
pellicles, when left to spontaneous evaporation, wJiidi 
slowly travel up the sides of the basin, and gradually 
proceed down upon the outside : this process also 
always begins on the side ne-tirest the light, and is often 
confined to it. Acetate of lime exhibits this appear- 
ance in a very beautiful manner. — Aikin's DuA. Art 
Light. 

18. We may now proceed to examine thestnulM 
of crystallized bodies, upon which the 
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Crystallization are founded. This inquiry exposes a 
connecting link between the Chemical and Mechanical 
properties of bodies. 

It is commonly observed, that crystalUzed bodies 
affect one form in preference to others. The fluor 
spar of Derbydiire crystallizes in cubes : so does 
coomion salt. Nitre assumes the form of a six-sided 
prism, and sulphate of magnesia that of a four-sided 
prism. These forms are liable to vary. Fluor spar 
and salt crystallize sometimes in the form of octoedra ; 
and there are so many forms of carbonate of lime, 
that it is difficult to select that which most commonly 
occurs. 

Rome de Lisle referred these variations of form to 
certain truncations of' an invariable primitive nucleus ; 
and Ciahn afterwards observed, that when a piece of 
calcareous spar was carefully broken, all its particles 
were of a rhomboidal figure. This induced Bergman to 
suspect the existence of a primitive nucleus in all crys- 
tallized bodies C Physical and Chemical Essays^ Vol. II. 
p. 1.) WhenHaiiy entered this field of inquiry, he not 
only corroborated the opinions of Bergman, and sub- 
mitted former hypotheses to experimental proof, but 
traced with much success the laws of crystallization, 
and pointed out tlie modes of transition from primitive 
to secondary figures. — Ttaite de Minh-alogie, Paris, 
1801. 

19. Those who are in the habit of cutting and polish- 
ing certain gems, have long known that they only afford 
flDOOth surfaces when broken in one direction; and 
that in others tibe fracture is irregular and uneven. This 
ii di caae w^'* ^nift^lliaed tHxlies in general. If we 
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attempt to split a cube of fluor 
spar with the blade of a knife, 
assisted by a hammer, we sht^l 
find that it will, only yield 
kindly in the direction of 
the solid angles ; and pur- 
suing the division in these 
directJMis, an octoedron will 
be the resulting figure, as in this diagram. 

SO. In splitting a six-sided cry- 
stal (tf calcareousspar.wefindthEitof 
the six edges of the superior base, 
three alternate edges only will yield 
to the blow : those, for instance, 
marked a, &, c ,- andthe division will 
take place in a plane inclined at an 
angle of 46". The three interme- 
diate edges resist this division. But 
in dissecting the inferior base of the 
crystal, the intermediate edges will 
alone yield, namely, a, b, c. If we 
continue this dissection in the same directions, we shall 
at length obtain the obtuse rhomboid, which is seen ia 
this diagram in its relative situation to the including 
prism. 

31. We thus then arrive attheprtntt^a/onn'of Am 
calcareous spar, and from whatever secondary form it 
has been obtained, it is always a rhomboid, haviiur obtme 
angles of 105° o. But an obtuse rhomboid n alio A* 
primitive form of other bodies, as of pearl 9pag, in> 
spar, and tourmalin. But here the inch] 
surface points out a difference. Thostiiep' 
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of pearl spar is 106^ 5', of iron spar 107^, (Wollaston, 
PhU. Trans. 18120 and of tourmalin 1 la^ KT. 

22. These instances show the necessity of being 
provided with instruments for measuring the angles of 
crystals with nice accuracy ; they are termed ^omom^ter^. 
The simplest of these instruments consists of ^ protractor 
or semi-circular scale of degrees, A A, and a small pair 
of compasses or nippers, BBBB, destined to receive 
the crystal. 




The centre of tiic pair of compasses is made moveable 
like those of the common proportional compasses, so as 
to permit the legs BB, and BCB, to be considerably 
lengthened or shortened, when the two pieces are 
applied to each other. The fixed leg B B, is repre- 
sented as beneath the moveable one BCB, or radius, 
measuring 90^, and the lower end of the centre pin, 
whidi could not be shown in the wood cut, is made 
to fit the hole or centre in the protractor precisely 
It Ap Mme tone that a stud or projecting piece of 

loqg perforation a of the 
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leg BB, the piece becomes steadily attached to Ae 
protractor or semi^circle, as is seen in the Figure. 

The application of this instrument is obvious. 1^ 
crystal to be measured is applied between (he com- 
passes, which being thus set, are applied to the pro- 
tractor, and the value of the angle may be read off at 
tiie fiducial edge of the leg B C B. 

33. The reflecUve goniometer, invented by Dr. 
Wollaston (PAt/.7Varu.l8O0,)is the most useful of tfacK 
instruments. It enables us to determine the angles even 
of minute crystals with great accuracy ; a ray of h^ 
reflected from the surface of the crystal being employei) 
as radius, instead of the surface itself. Mr. W. Philhps 
has given the following description and practical detaik 
for the use of this instrument, in his Introduetum to 
Mtnern/o^, which, with his permission,! here transcribe. 




" ab l9 the principal circle graduated ono 
half degrees, imd divided for t 
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of \S(f each ; (it is graduated only in part in the above 
sketch.) 

'^ c Is a brass plate, screwed upon, and supported by 
the pillar d, and graduated as a vernier. 

**ff ^' ^ ^® ^^ ^^ circle a by and passes through 
the upper part of the two pillars d e, the other ends of 
which are inserted into a wooden base m. 

'' g A Is an axle, enclosed within//, and turned by 
means of the smallest circle t, which communicates a 
motion to all the apparatus on the left of h^ without 
moving tiie principal circle a b. 

'* ir Is a circle, to which is attached the axle of the 
principal circle. If therefore we would move the latter, 
it win be done by moving k ; and as tiie axle of the 
principal circle includes that of the apparatus on the left 
of A, we necessarily give a motion to the whole instru- 
mot by moving the circle k. 

** Hiese two movements being understood, let us now 
8cq>pose thaf we want to measure a crystal , a rhomboid 
of carbonate of lime, for instance. 

'* Let / be the rhomboid, attached by means of wax 
to one end of a plate of brass n / the other end of 
the plate being placed in a slit in the upper part of 
the circular brass stem o, which passes through the tube 
p, to which it is so adjusted as to allow of being moved 
either up or down, or circularly, by means of the circle q. 

'* The tube p is fixed to the curved brass plate r, which 
is attached, but so as to allow of motion, to anotiier 
curved plate ^, by means of a pin f , the other end of the 
latter phte being connected with the concealed axle g h, 
Itt wiudi a motion is given by turning the little circle t / 
^ >f^«' w irf tlie pin < and the tube p, therefore. 
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we have two motions, in addition to the two before 
described as belonging to the axles of the instrament 
The inner axle, however, may be said to be the centre 
of all the motions. It will therefore be of advantage 
that the rhomboid of carbonate of lime should be placed 
as nearly an a line with t/iat axle as possible : this will 
be sufficiently adjusted by means of the stem o, which 
admits of being raised or depressed at pleasure. 

'' The use of this instrument depends on the reflecting 
power of the polish on the natural planes, or fractured 
surfaces of minerals : and that this is in some cases very 
powerful, any one may convince himself by loqldDg 
upon a very brilliant plane, held beneath the eye, with 
its edge nearly touching the lower lid, and not far dis- 
tant from a window ; he will then observe the reflection 
of the bars very distinctly. 

'' Let us then suppose the goniometer, as above re- 
presented, to be distant from a window froin eight to 
twenty feet. 

'^ Let then t) be a black line (the use of this is essential) 
drawQ on the wainscot between the window and the 
floor, and perfectly parallel with the horizontal bars of 
the window. 

'' If, then, the eye be placed almost close to the 
rhomboid /, a reflection of one of the bars will be seen 
on one of its planes. 

^* Let us suppose the reflection to be in tlie direction 
of the lower dotted line on the plane ; and it will be 
clear that it cannot be parallel with ttie bar of A0 wiP- 
dow, not being even with the black line v. |t ipml 
Aerefore be adjusted. This may perhaps b^ db 
slightly drawing to tlie left the circle 9* J 
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nicates motion by means of the pin t ; or perhaps it may 
be done by giving a circular motion to the stem o. By 
one of these two motions, or by both, it may certainly 
be effected* 

*' K, however, the reflection appears to be like the 
upper dotted line, that is, parallel with the black liner, we 
most first convince ourselves that it is so, simply by de- 
pressing the crystal a little by means of moving the little 
circle f» so as to bring the reflection ypon the black lint. 

'* This being adjusted, which must be done precisely, 
we then turn the crystal, by turning the little circle », 
until the reflection of the same bar be seen on the next 
plane, perfectly on a line loith and upon the black line v. 

*' However, in adjusting the second, we may disturb 
the first reflection. By perseverance it will be found 
that both can be adjusted by means of one or other of 
the movements by the stem o, or the pin (, or by the 
help of both, and a short experience will do away the 
diief diflSculties. 

** Both reflections being precise, we are now, by 
means of the circle k, to turn the principal circle until 
it is arrested by the stop x on the pillar d ; it will then 
be found that one hundred and eighty on the principal 
circle, coincides with o on the vernier. 

'* In doing this, however, we may slightly disarrange 
the reflections on the plane of the crystal, which may 
be re-adjusted simply by moving the little circle », which 
wiH not disturb the principal circle ab: we must be 
oertniy however, that one hundred and eighty on ilform$ 
4 Im0 wUk o on the vernier, at the same time that the 

lie bar is seen along the black line. 

More, and the measurement will 
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have been made. Turn Uie circle k^ keeping the eye 
almost close to the rhomboid, until tlie reflection of the 
samt bar is seen on the adjoining plane precisely upon 
the black line v^ and the operation is completed. 

** It must then be observed what proportion of tlie 
principal circle has been moved. Suppose that 105 on 
it, be now on a line witli o on the vernier ; — it is the 
value of the angle. But suppose it to be a little more 
than 105 and less than 105;^ : it must then be observed 
wkich line of the venuer touches^ or forms but one line 
withy another line on the ])rincipal circle : suppose it to 
be 5 on the vernier, the angle is then 105^ 5', which is 
the true value of the obtuse angle of a rhomboid of 
carbonate of lime. 

'' I have been the more particular in the above de- 
scription from being aware that the use of this elegant 
instrument is commonly considered to be extremely 
difficult, and that it is by some supposed that, in taking 
an angle, it is essential to keep the head in one position, 
which will clearly appear not to be requisite. We may, 
on the contrary, perform any part of the operation, and 
after the lapse of hours complete it 

'' It may not be amiss to subjoin a few hints connected 
witli its accurate use. In the first place, it ^ould be 
observed, that when tlie circle is arrested by the stop x, 
180° on it is precisely on a line with o on tlie vernier : 
this must be exact. 

*' Some difficulty will at first be found in attaching the 
fragment of the crystal to the wax (which must be 
warmed,) nearly in the required position. In doing 
this, it will be found of some advantage to hold die 
mineral in such a direction, that the edge between* 
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planes to be measured, shall be in a horizontal position, 
and, as nearly as possible, parallel with the bar of the 
window. It will be best to begin with some substance 
which is brilliant, not more than one-third of an inch in 
diameter, and of which the angles are known. Frag- 
ments of transparent calcareous spar, or sulphate of 
barytes, are well adapted. 

'* The perfect steadiness of the instrument is essential. 
A small, square, and very solid table, standing firmly, will 
be usdiil : but this may not be hig^ enougli to raise the 
instrument to the eye of the observer without supporting 
the goniometer, which must be so fixed as not to shift 
its place while moving the circles, or by a casual touch. 
Supposing the table to be of the ordinary height, some 
siqpport for the goniometer a foot above it, will be re- 
quisite to elevate it to the eye of an observer while sit- 
ting. This support should be made in the form of a 
pyramid, with a perfectly flat base, and a truncated 
summit, on which the goniometer may stand, or rather 
may be fixed, by sliding its wooden base m along it ; so 
that, in two opposite places, it shall be confined by two 
pieces of woody y, hollowed for the purpose of receiving 
it. This pyramid will afibrd an opening in the upper 
part for the goniometer when out of use, while the lower 
may be conveniently occupied by a drawer." 

24. In following the method above described, (20) 
Haiiy obtained six prinitke forms. 

i. The cube, parallelopipedon, ^c. 
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25. These primitive fovnis, by furtlier mechanical 
analysis may be redaced to three integral elements. 

1. The paraHelopiped, or simplest soliil, having six 
surfaces, parallel ttro and two. (24-. i.) 

ii. The triai^Ur, or simplest prism, lioundeil by 
live surfaces. 



i 



iii. The tetraedron, or simplest pyramid, bounded by 
four surfaces. (94-. ii.) 

26. The secondary forms are supposed to arise from 
decrements of particles taking place on different edges 
and angles of the primitive forms Thus a cube, having 
u series of decreasing layers of cubic particles upon 
each of its six faces, will become a dodecaedron, if 
tlie decrement be upon the edges ; but an octoedron, 
ifupontiie angles; and by irregtdar, intermediate, and 
mixed decrements, aninlinite variety nf secondary forms 
would ensoe, as tlie annexed figures show. 
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37.Biitin cry8tallograi)hywe luectwitli appearaiiw 
which Haiiy's theory but imperfectly cxpiaiiis. A slic 
of lliior spar, for instance, obtaiiieil by miiking tw; 
successive ami parallel sections, may be divided 
acute rhomboids ; but these are not the primitive foq 
of tliespar, because by the removal 
of a tetraedron from each extremity 
of the rhomboid an octoedron is 
obtained. Thus, as the whole inass 
of fluor may be divided into tetra- 
edra and octocdra, it becomes a 
question which of these forms is 
to be called primitive, especially as 
neither of them can fill space without 
leaving vacuities, nor can tliey pro- 
* duce any arrangement sufficiently stable to form I 
basis of a permanent crystal. 

28. To obviate this incongruity. Dr. WoU" 
(Phil. Trans. 1 8I3,)has very ingeniously proj 
■ider the primitive particles as sjihercs, wl 
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attractioD. have assumed that arrangement which brings 
them as near as possible to each otiier. ^Vhen a number 
of similar balls are pressed toge- 
ther in the same plane, they form 
equilateral triangles with each 
other ; and if balls so placed were 
cemented together and afterwards 

broken asunder, the straight lines in which they would 
be disposed to separate, would form angles 
of6(f with each other. A single ball, placed 
any where on this stratum, would touch three 
of the lower balls, and the planes touching 
tfaeir surfaces would then include a regular 
tetraedron. A square of four balls, with a 
single ball resting upon the centre of each 
Burface, would form an octoedron; and upon 
applying two other balls at opposite sides of 
this octoedron, the group will represent the 
acute rhomboid. Thus the difficulty of 
the primitive form of fluor, above allud- 
ed to, is done away, by assuming a sphere 
as the ultimate molecula. By oblate and 
oblong spheroids other forms may be ob- 
tained. 

29. The subject of crystallization has more lately 
engaged the attention of Mr. J. F. Daniell CQuarterly 
Journal of Science and the Arts, Vol. i.) and his 
researches have produced some singular confinnations 
of Dr. WoUaston's hypothesis. If an amorphous piece 
of alum be immersed in water, and left quietly to 
dissolve, at the end of about three weeks we shall 
observe that it has been unequally acted upon by the 
le i»tim «f utitotUlra, aud 
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aectimis of octoi-ilra, iis it wprr wttvcd » 
itH Mirl'actt, as seen in these liipires : 



';taim>o(\ n\KM 




This ai»iic!irance is iirodiicoil when the attractiiwi 
of the water for the solid is nearly counter -hnlaiiccit 
by it» mechanical texture. The crystals formeil 
hy this species of dissection are highly curious, fnw 
their niodilications and relative positions, as the same 
group presents the i)riniitive form as well as its trm- 
catioiis and decrements. Other salts yield other figure*, 
and hy more complicated chemical action, as of ariih 
upon carbonate of lime, the metals, ^c, anatngniu 
results are obtaiiK*d. Here, then, instead of dir'^a 
crystal hy meclianiual I'orcr, its stnictiu'c is j 
developed hy the process of solution. In the 
■two oircimwtBncrs aic iiartirtilarly romarkahle: 
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crystals are different; and their forms vary with the 
different faces of the original mass. In one direction 
we observe octoedra and sections of octoedra ; in 
another, paraildograms of every dimension, modified 
with certain determinate intersections. 

If, in either of these positions, we turn the mass upon 
its axis, the same figures will be perceived at every 
quadrant of a circle ; and, if we su|qpose the planes 
continued, they will mutually intersect each other, and 
various geometrical solids will be constructed. In this 
way, alum alone furnishes octoedrons, tetraedrons, 
cubes, four and eight^ided prisms either with plain or 
p]rramidal terminations, and rhombic parallelopipedons. 
It is evident, then, that no theory of crystallization can 
be admitted, which is not founded upon such a dispo- 
sition of constituent particles, as may furnish all these 
modifications, by mere abstraction of certain individuals 
from the congeries, without altering the original relative 
position of those which remun ; and these conditions 
may be fuUillcd by such an arrangement of spherical 
particles, as would arise from the combination of an 
indefinite number of balls endued with mutual attraction, 
and no other geometrical solid is ailequatc to the pur- 
pose; and where bodies afford crystals differing from 
the octoedral series, an analogous explanation is fur- 
nished, by supposing their constituent pariicles to consist 
of oblate spheroids, whose axes bear different propor- 
tions to each other in different substances. Hence we 
may also conclude, that the internal structure of all 
crystals of the same body is alike, however the external 
shapes differ. In corroboration of the above hypothesis, 
we may remark, tiiat the hexacdron is, of all geometrical 

P2 
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figures, that which includes the greatest capacity under 
the least surface. If, therefore, the ultimate particlei 
of crystalline bodies be spheres or spheroids, the greatest 
possible number in the least space will be included in 
this form. It is probable that the exterior shape of 
every crystal is determined by the nucleus first fonned 
by a certain definite number of particles, which» by the 
power of mutual attraction, overcome the resistance of 
the medium in which they were suspended, or from 
which they were separated. This number may vary 
with the solvent, or other contingent circumstances. 
Four spherical particles, thus united, woidd balance 
each other in a tetraedral group, six in an octoednd 
group, and each would present particular points df 
attraction to which all subsequent deposits would be 
directed. Now, let us imagine two nuclei fonned in 
the same solution, whose axes run in contrary directions; 
tlieir increase will consequently be in contrary direc- 
tions, and each will attract a particular system of 
particles from the surrounding medium. If these two 
systems should cross each other in their course, a greater 
number will be brought wittiin ttie sphere of mutual 
re-action at the point of junction, and they ought to 
arrange themselves in the least possible compass. The 
facts here answer to the theory. If we select any 
crystals, having others crossing them nearly at rigiit 
angles, and separate them, the points of junction inva- 
riably present an bexaedral arrangement. 

30. In connexion with chemistry, tlie theory of 
crystallization opens a new avenue to the science, and 
frequently enables us to ascertain directly, that whiek 
independent of such aids, could only be arri?edj 9ti by IP 
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indirect and circuitous route. We frequently read the 
chemical nature of substances in their mechanical forms. 
To the mineralogist, an intimate acquaintance with the 
crystalline forms and modifications of natural bodies is 
essentially requisite. Indeed, the theory of crystalli- 
zation may be considered as one of the great supports 
of that useful branch of natural history, and it is to the 
indefatigable exertions of Haiiy that much of its present 
perfection is to be referred. In the arts, the process of 
crystallization is turned to very valuable account, in the 
separation and purification of a variety of substances. 



Section II. Heterogenemis Attraction, or 

Affitdty. 

31. We have hitherto considered Attraction as dis- 
posing the particles of bodies to adhere, so as to form 
masses or aggregates ; and, in many instances, to arrange 
themselves according to peculiar laws, and to assume 
regular geometrical figures. We are now to regard 
this power as operating upon dissimilar particles ; as 
presiding over the composition of bodies ; and as pro- 
ducing their chemical varieties. This is Chemical 
Attraction, or Affinity. 

32. If, into a glass vessel, exhausted of air, be intro- 
duced some sulphur, and copper filings, and heat ap- 
plied so as to melt the former, it will presently combine 
with the latter. We observe, as the results of this 
attraction between the sulphur and copper, 1 . That the 
wbstance produced has not the intermediate pro{>erties 
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of its eleinrailti, but that it presents new charactenj. 
9. That luuch heat aud light are evolved during 
mutual action. 3. That sulphur and copper will 
in certain proportions only. 

33, In liquids and giises, similar changes oF prop! 
lies may be esxhibited, and. in many cases, a change 
form or state resulti:. Thus the combination of acrifoi 
bodies produces a solid, as when muriatic and ai 
niacal gases produce the salt called muriate of ai 
monia. The combustion of gunpowder offers a famib 
instance of the conversion of solid into aeriform mi 
ter. Gases form a liquid, as when olefiant gas 
mixed with chlorine. Solids also produce liquids, as is 
shown by triturating crystals of Glauber's salt widi 
" nitrate of ammonia : and in tlie action of concentral 
solutions of muriate of lime and carbonate of 
tassa, liquids form a solid. Liquids produce gases, 
as when one part of nitric acid is mixed with two of al- 
cohol an effervescence ensues, and aeriform matter 
copiously evolved. 

34-. In some cases of combination, the resull 
<jompound differs but little from its component 
and their leading characters are still obvious in it. 
is especially remarked in solutions of different bA^ 
stances in water and other fluids. Salt and sugar dis- 
solved in water, retain their saline and sweet tastes, tiw 
only physical quality thnt is changed heing that 
cohesion. 

35. Ii^ other cases, the properties of the compomi?' 
differ essentially from those of its component parts, apd 
a scries of pew bodies, possessed of distinct and peculiar 
characters, arc produccil. Tlius. wljeii two volumes of 
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nitric oxide gms arc mixed with one of oxygen, an- 
orange-coloured gas results, very sour, and soluble in 
water ; whereas, the gases before mixture were co- 
lourleas, tasfcdess, and insoluble in water. 

Such operations are not confined to art : Nature 
presents them on an extended scale ; and, in connexion 
with the (unctions of life, renders them subservient to 
the most exalted purposes. 

96. The new chemioal powers, that bodies thus 
aeqttire in consequence of combiiiation, are often ex- 
tremely remarkable, and can only |>e learned by expe- 
HmeM. It frequently happens that inert bodies produce 
inert compounds, and that active substances remain 
active when combined ; but the reverse often occurs : 
tfans, oxygen, sulphur, and water, in themsdves taste- 
leas and cemparafively inert, produce sulphuric acid when 
chemieaUy combined ; and potassa, which is a powerful 
caustic, whra combined with sulfiburic acid, forms a 
9ak possessed of little activity. 

87. The colours, the specific gravity, andthe tempe- 
rature of bodies are also commonly altered by chemical 
wdOmiL Thus the blu/t infusi^Hi obtained by macerating 
vifriels in warm water is rendered ted by acids, green 
by afcaUs, and its colour is wholly destroyed by chlo- 
rine. When equal parts of sulphuric acid and water 
aie mixed, the resulting liquid has a specific gravity 
nuch above the mean ; the t^nperature is also mudi 
increased; and ignition frequently attends chemical 
ackien. (32.) 

98. As chemical action takes place among the ulti- 
mate or cpnstitueut elements of bodies, it must obvi- 
ously be opposed by the C4>hesion of their particles, and 
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chemical attraction is often prevented by mechanical 
aggregation. A piece of the metal antimony, put into 
the gas called chlorine, is only slowly and superficially 
acted upon ; but if the mechanical aggregation be pre- 
viously diminished, by reducing the metal to powder, it 
in that state rapidly unites with the gas, and bums the 
instant that it is introduced. 

39. Heat increases the chemical energies of bodies. 
Its effects are sometimes only referable to the diminution 
of adhesion by expansion or liquefaction ; but in other 
cases they are peculiar and complicated, and probaUy 
concerned in modifying the electrical energies of the 
acting substances. 

40. Different bodies are posusessed of different attrac- 
tive powers, and if several be brought togetlier» those 
which have the strongest mutual affinities enter first 
into union. Thus, if nitric acid be poured upon a 
mixture of lime and magnesia, it dissolves the fonner 
in preference to the latter earth. The knowledg, 
of this fact enables us to separate bodies when onited, 
or to perform tlie process of decompoMan. Tlutte 
if we add an aqueous solution of ' lime to a solnticiB 
of magnesia in nitric acid, the latter earth is thrown 
down or precipitated, and the lime occupies its place 
in the acid. 

41. Upon thip principle tables of attraction have 
been constructed, the substance whose affinities are to be 
represented being placed at the head of a column, and the 
bodies witli which it combines beneath it, in the (»der 
of their respective attractions (see History of Chemidrjft 
p. 78. ;) thus the afRnity of sulphuric acid for sesmal 
bases would be shewn as follows ; 



chemical affinity. 317 

Sulphuric Acid. 



Baryta. 

Strontia. 

Potassa. 

Soda. 

Lime. 

Magnesia. 

Ammonia. 

From this table it would appear that baryta separates 
flolphuric acid from its compounds with all the inferior 
substances, and that ammonia is separated by all that are 
above it ; there are, however, many circumstances which 
interfere with the usefulness and accuracy of such tables, 
and in some cases there are anomalies in the mutual agen- 
cies of bodies which wholly subvert the usual order of 
arrangement One of these has been pointed out by Mr. 
R. Phillips, — {Journal of Science and the Arts^ Vol. i., 
p. 80.) He found that, on boiling carbonate of barjrta 
in a solution of sulphate of potassa, sulphate of baryta 
and carbonate of potassa were formed; and he also 
found that, on reversing the experiment, by boiling sul- 
phate of barjrta in solution of carbonate of potassa* 
carbonate of barjrta and sulphate of potassa were pro- 
duced. 

43. Decomposition is effected under a variety of cir- 
cumstances, and by many methods ; but it is commonly 
described by chemists as Simple and Complex, or 
SmoLE and Double. 

43. In cases of simple attraction or affinity, one body 
•epanites another from its combination with a third. 
Tbns, when potassa is added to a sohition of sulphate of 
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zinc (composed of sulphuric acid and oxide of zinc,) the 
oxide of zinc is separated, and sulphate of potassa is 
produced. 

4Au In cases of double decomposition, two new com- 
pounds are produced ; as when a solution of nitrate of 
baryta is mixed with a solution of sulphate of soda, the 
results are a precipitate of sulphate of baryta, and a 
solution of nitrate of soda. 

45. These cases of double decomposition are sonic- 
timeft conveniently illustrated by diagrams, which may 
either be constructed so as merely i;^ sho^ the result 
of the change, or where required tiiey may also ex- 
hibit the ooii^)osition of the acting bodies. In the case 
just alluded to> the substances before Hiiztiirc are 
shawn by parallel Uoes, and after mix^hure by .diagonal 
Hnes. 



Nitric Acid 




Sulphuric Acid Soda. 

Or a more complete view of the cliange is given 
in the' following diagram, where the bodies before 
mixture are placed upon the outside of the perpendi- 
cular lines ; their component parts are shown within 
them ; and the new results on tlie outside of the horizontal 
lines. 
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Nitiale of Soda. 



Nitrate of 
Baryta* 




Sulphate 
of Soda. 



Sulphate of Baryta. 



46. It 18 obvious, from the uniform results of che- 
mical action, that aflBnity must be governed by certain 
definite hiws, by whidi its results are determined, and 
upon which its uniformity depends. Attention was first 
called to (im tiAject by Mr. Higgins in 1789, — (Com- 
paralhe View of the Phlogigtic and Antiphlaguilk 
Theories.) He conceived that chemical attraction only 
prevafled between the ultimate particles of simple ele- 
mentary matter, and between compoufd atoms ; and, 
in iqpplying this idea to chemical theory, he expressed by 
munbers tbe. relative forcefi of attraction ^ibsisting 
l^sitve^ the different kinds of ultimate particles and 
atoKHi of matter. 

Tbeg^ views were subsequently extended and improve^ 
hy Mr- Piston, and have since ei^aged the, attention of 
some of the most eminent chemical philosophers; i|^ng 
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whom we may enumerate Gay-Lussac and Berzelius, 
Davy, WoUaston, and Thomson, — See History of 
Chemistry f p. 83. 

4<6. The atomic doctrine, or theory of definite propor- 
tionals^ has been much blended with hjrpothetical views ; 
but it will be most satisfactorily and usefully considered 
as an independent collection of facts. 

When bodies unite so as to form one compound 
only, that compound always contains the some rela- 
tive proportions of its components ; and where two 
bodies unite in more than one proportion, the second, 
third, ^c, proportions are multiples or divisors of 
the first. This law is well exhibited in the combina- 
tions of gaseous bodies. These are seen to unite in 
simple ratios of volume. Water is composed of hydrogen 
and oxygen, and I part by weight of the former gas, 
unites to 7.5 of the latter^ The specific gravity of 
hydrogen, compared with that of oxygen, is as 1 to 15; 
it is obvious, therefore, that one volume of hydrogen 
unites to half a volume of oxygen, and that the conqxH 
sition of water will be represented by weight and vohmiB 
thus : 



1 

Hydrogen. 


7.6 
Oxygen. 





Muriatic acid gas consists of 1 part by weight of 
hydrogen and 33.5 by weight of chlorine. The rela- 
tive specific gravities of these gases are as I to 33.5. 
It is obvious, therefore, that they combine in equal 
volumes, and that muriatic acid gas may be thus repr^ 
sented : 
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J 

Hydrogen. 


33^ 
Chlorine. 



Carbonic acid unites to potassa in two proportions, 
and forms two definite compounds. In the one, 70 parts 
of potassa are combined with 30 of carbonic acid ; in the 
other, 70 of potassa are united to 60 of carbonic acid. 

Lead combines with oxygen in three proportions ; 
the first compound consists of 100 lead + 8 oxygen ; 
the second, of 100 + 12; the third, of 100 + 16. 

47. Ail cases of chemical combination, in which 
the qualities of the component parts are no longer to 
be detected in the compound, or in which a neutral 
body is produced, are obedient to these laws of union : 
But in some instances bodies may be said to unite in all 
proportions, as water and alcohol, ^c. Other bodies 
combine in all proportions up to a certain point only, 
and beyond that, combination no longer ensues. Tlius 
water will take up successive portions of common salt, 
until at length it refuses to take up more, or is saturated ; 
and this always occurs when the water has dissolved a 
definite weight of the salt. 

48. The term neutralization is applied to cases in 
which bodies mutually disguise eac4i other's properties, 
as is especially exemplified in the union of acids with 
alcalis ; as of sulphuric acid, for instance, with solution 
of potassa. The acid reddens violet juice, and is sour. 
The potassa converts the blue to green, and is acrid. 
If the acid solution be gradually added to tlie alcaline, 
we shall find that, at a certain point, the taste will nci- 
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tJier be acid nor acrUl, but slightly saline and bittcf, 
nor will there be any ett'ect produced ujion the vegetable 
blue. Thus the acid is neutralized by tlie alcali, t 
the compound has been tenned a neutral salt. 

49. When we have ascertained the proportion 
which any two or more bodies of one class, a b ci 
tieutralizc another body x of a different class, it wi 
found that the same relative proportion of a A c, ^(f, 
will be required to neutralize any other body of the saiM 
class as x. Thus, since 100 parts of sulphuric acii 
and (IS (omitting fractions,) of muriatic acid, neutralill 
118 of potassa, and since 100 of sidphuric acid neutrfUirf 

'71 of lime, we may infer that 68 of muriatic aoid 
also neutralize 7 1 of lime. 

50. If the quantities of two bodies A and B, 
arc necessary to saturate a given weight of a third bodf; 
be reptesented by q and r, these quantities may be called 
tquicalenls. Thus in the above example (49,) lOOparte 
of sulphuric acid and 68 of muriatic acid, are eqtdvatenb 
©f each other. A column of equivalent numbers, of 
great use in clieniical calculations, will be found in the 
tables inserted in another part of this work. By adapt- 
ing a table of this sort to a moveable scale, on the 
principle of Guuter's sliding rule, Dr, Wollaston has 
CDnstrticted a logometrk scale of chemical equivaietUi. 
which is capable of solving with great facility 
fwoblems of chemistry. — PHI Tram. 1814. 
' 51. By prosecuting chemical anaJyuis, we orriWI 

, a certain number of yrincipUs or elements ; that 
bodies which h;ivo not hitherto been decompoaed. 

The nature of compound bodies is demonstrated iff 
two kinds of proof — xi/nthexh and rmafffuLs. Syntiiesfe 
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consists in eflTecting the chemical union of two or more 
bodies, which by analysis are again separated from aach 
other. The term proximate arudyns has been applied 
to the separation of two bodies which are themselTes 
compowided ; and u/funafe analysig to the farther sepa- 
ration of these compounds into their components. Thts 
composition of blue vitriol is synthetically demonstrated 
by tutt^fin^'sulphuric acid to oxide of copper — analytically ^ 
by separating these proximate elements from each other. 
But the sulphuric acid consists of sulphur and oxygen ; 
and oxide of copper consists of copper and oxygen : 
consequently, we should say that the ultimate com- 
ponent parts of blue vitriol arc copper, sulphur, and 
oxygen.. 



Section III. Heat. 

5IZ. Heat may be considered as a power opposed 
to attraction, for it tends to separate the particles of 
bodies ; and whenever a body is heated, it is also ex- 
panded. Expansion is the most obvious and familiar 
effect of heat ; and it takes place, though in different 
degrees, in all forms of matter. Solids are the least 
expansible, — liquids expand more readily than solids, — 
and gases or aeriform bodies more than liquids. 

53. When a body has been expanded by heat, it 
regains its former dimensions, or contracts, when cooled 
to its former tem])eratiire. 
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54. Different bodies expand differently when equally 
heated. The metals are the most expansible Bolids ; but 
among them, zinc expands more than iron» and iron 
more than platinum. 

Tlie following table shows the relative expanribility 
of some or the metals, when their temperature is raised 
from the freezing to the boiling point of water* 



Tvmperatnre. 


PUUunm. 


Steel. 


Iron. 


320 


120000 


120000 


120000 


212*> 


120104 


120147 


120151 


Tcmperatnre. 


Copper. 


BrtM. 


Tin. 


32« 


120000 


120000 


120000 


212^ 


120204 


120230 


120290 


Temperature. 


hmA. 


* 

lime 




32o 


120000 


120000 




2120 


120345 


120360 





55. Liquids differ also in their relative expansibi- 
lities : ether is more expansible than spirit of wine, and 
spirit more than water, and water more than mercury. 
Those liquids are generally most expansible which boO 
at tlie lowest temperature. 



The following Table shows the rate of expansion of 
several liquids : 
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S25 



TCBp. 


Morcwy. 


finifcri 
OU. 


8«lph«ric 
Acid. 


Nitric 
Add. 


Water. 


OUoT 
Tmpeat. 


Alcohol. 


32* 


lOOOOO 


100000 


— 


—^ 


~— 


— 


lOOOOC 


40 


100081 


— 


99752 


995 J 4 


— 


— 


100535: 


50 


100183 


— 


100000 


100000 


100023 


100000 


101105 


60 


100304 


— 


100279 


100486 


100091 


100460 


101688 


70 


100406 


— 


100558 


100990 


100197 


100991 


102881 


80 


100508 


— 


100806 


101530 


100332 


101471 


102890 


90 


100610 


— 


101054 


102088 


100694 


101931 


103517 


100 


100712 


102760 


101317 


102620 


100908 


102446 


104162 


110 


100813 


— 


101540 


103196 


— . 


102943 


— 


120 


100915 


— 


101834 


103776 


101404 


103421 


— 


130 


101017 


— 


102097 


104352 


— 


103954 


— 


140 


101119 


— 


102320 


105132 


— 


104573 


— 


150 


101220 


— 


102614 


— 


102017 


■ — 


— 


160 


101322 


— 


102893 


— 


— 


— 


— 


170 


101424 


— 


103116 


— 


— 


— 


— 


180 


101526 


— 


103339 






— 


— 


190 


101628 


— 


103587 


— 


103617 


— 


— 


200 


101730 




103911 


— 


— 


— 


— 


212 


101835 


107250 


— 


— 


104577 


— 


"" 



56. In all pure gaseous bodies, the rate of expan- 
sion for similar increase of temperature is similar : 100 
measures of air, when heated from the freezing to tbe 
boiling point of water, suffer an increase in bulk = 37,5 
parts at mean pressure. 

The experiments of Gray-Lussac have proved that 
steam, and all vapours, are subject to laws of expansion 
similar to those of air, — hence the following Table, 
riiowing the changes of bulk suffered by 100000 parts 
of air at all temperatures between 32°^ and 212^, will 
apply equally to all gases and vapours, and will often 
be found useful to the practical chemist. 

VOL. L Q 



S26 



HEAT. 



Teraper. 


1 Bmlk. 


Temper. 


Bmlk. 


TCB^Mf* 


Balk. 


32« 


100000 


5S^ 


105616 


86* 


111232 


33 


100208 


60 


105824 


87 


111440 


34 


100416 


61 


106032 


88 


111648 


35 


100624 


62 


106240 


89 


111856 


36 


100833 


63 


106448 


90 


112064 


37 


101040 


64 


106656 


91 


112272 


38 


101248 


65 


106864 


92 


112480 


39 


101459 


66 


107072 


93 


112688 


40 


101666 


61 


107280 


94 


112896 


41 


101872 


68 


107488 


95 


113104 


42 


102080 


69 


107696 


96 


113312 


43 


102290 


70 


107904 


97 


113520 


44 


102496 


71 


108112 


98 


113728 


45 


102708 


72 


108320 


99 


113936 


46 


102916 


73 


108528 


100 


114144 


47 


103124 


74 


108736 


110 


116224 


48 


103333 


75 


108944 


120 


118304 


49 


103536 


76 


109152 


130 


120384 


50 


103749 


77 


109360 


140 


122464 


51 


103952 


78 


109568 


150 


124544 


52 


104166 


79 


109776 


160 


126624 


53 


104368 


80 


109984 


170 


128704 


54 


104576 
104791 


81 


110192 


180 


130784 


55 


82 


110400 


190 


132864 


56 


104992 


83 


110608 


200 


134944 


51 


105200 


84 


110816 


210 


137024 


58 


105408 


85 


111024 


212 


137440 



57. The expansion of liquids is not equable for 
equal additions of heat at different temperatures. Thu 
the addition of 5^ of heat to alcohol at 4Q°, will pro- 
duce a less relative increase of bulk than the sanie 
addition of heat to alcohol of 100° ; and in general^ the 
nearer a liquid approaches its boiling point, the greater 
is its expansibility. Those liquids therefore appeir 
most equably expansible which have tlie highest boiling 
points, and hence one of the great advantages of mer- 
cury, as will presently be seen, in constructing ther- 
mometers. 



HEAT. 227 

58. As heat increases the bulk of all bodies, it is 
obvious that change of temperature is constantly pro- 
ducing chan^ in their density or specific gravity, as 
may be easily demonstrated in fluids where there is 
freedom of motion among the particles. If I apply 
heat to the bottom of a vessel of water, the heated part 
expands and rises, while a cold or denser stratum occu- 
pies its place. In air, similar currents are continually 
produced, and the vibratory motion observed over chinv- 
ney pots, and slated roofs which have been heated by 
the sun, depends upon this circumstance : the warm 
air rises, and its refracting power being less than that 
of tile circumambient colder air, the currents are ren- 
dered visible by the distortion of objects viewed through 
them. 

59. The ventilation of rooms and buildings, can 
only be perfectly effected by suffering the heated and foul 
air to pass off through apertures in the ceiling, while fresh 
air, of any desired temperature, is admitted from below. 
Various contrivances have been resorted to, to prevent 
the passage of cold air from above downwards through 
the ventilator, which can only be completely effected by 
keeping the ventilating tubes at a higher temperature 
than the surrounding air ; heating them, for instance, by 
steam ; passing them through a fire ; or placing a lamp 
beneath them, of sufficient dimensions to causCTa strong 
current upwards : upon the latter principle, the gas 
chandelier in Covent-garden theatre being placed under 
a large funnel, which passes throu^ the roof into the 
outer air, operates as a very powerful ventilator, all its 
own heat and smoke passing off with a large proportion 
of the air of the house. — Quarterly Journal, v. 



60. Tlierp is only one strict exception to tlic g 
ral law of expansion by heat, and contraction by < 
this is in tlic case of water, wliicli expands considerably 
when it approaches its freezing point. Water bas 
attained its maximum of density at 40°, and if it be 
cooled below 40° it expands as the temperature dimi- 
nishes, as it does when heated above 40° ; and the rate 
of this expansion is equal for any number of dcgrafifl 
above or betow this maximum of density, so tbat 41 
bulk of water at 32° and at 48° will be ihe same. Ac* 
cordingly, if two thermometer tubes, one containing 
spirit of wine, and the other water, be immersed into 
melting snow, the former will sink till it indicates 33°: 
but the latter when it has attained 40° begins to expaud, 
and continues so to do till it freezes. 

This anomaly in respect to water is productive of vi 
important consequences, in preserving the depths l 
rivers and lakes of a temperature congenial to 
inhabitants. — See Preface, p. 91. 

61. There are many litjuids which sutler considea^ 
able expansion in passing into the solid state. This u 
the case with the greater number of saline solutions, 
and remarkably with water; it seems connected witb 
the pbsenomena of crystallization, and is referable to a 
new arrangement of particles. That the force wittl 
which water expands in the act of freezing, is very CO0^ 
siderable, is shown by the rupture of leaden and iron 
pipes in which it is sufl'cred to freeze. Dr. Thonuon 
has shown that water in freezing suffers a much greater 
expansion ttian when heated from the freezing to Ibe 
boiling point ; for the specific gravity of water at 60° ^^^ 
ing = 1, that of ice at 32° is only 0.9-2. Of the metak 
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Reaumur found that cast-iron, bismudi, and antimony, 
expanded in becoming solid ; the rest contracted 

62. If we mix equal quantities of the same fluid at 
difierent temperatures, the cold portion will expand as 
mudi as the hot portion contracts, and the resulting 
temperature is the mean ; so that it appears, that as 
much heat as is lost by the one portion is gained by the 
other. Upon this principle, thermometers are con- 
ttracted* A common thermometer consists of a tube 
terminated at one end by a bulb, and closed at the other. 
Hie bulb and part of the tube are filled with a proper 
liquid, generally mercury ,*and a scale is applied, gradu- 
ated into equal parts. Whenever this instrument is ap- 
plied to bodies of the same temperature, the mercury, be- 
ing similarly expanded, indicates the same degree of heat. 

63. In dividing the scale of a thermometer, the two 
fixed points usually resorted to are the freezing and boil- 
ing of water, which always take place at the same 
temperature, when under the same atmospheric pressure. 
Ilie intermediate part of the scale is divided into any 
convenient number of degrees ; and it is obvious, that 
all thermometers thus constructed will indicate the same 
degree of heat when exposed to the same temperature. 
In the centigrade thermometer, this space is divided into 
KXf ; the freezing of water being marked 0°, the boil- 
ing point KXf • In this country we use Fahrenheit's 
scale, of which the (f is placed at 32^ below the freezing 
of water, which, therefore, is marked 32^, and the boil- 
ing point 212^, the intermediate space being divided into 
\8(f. Another scale is Reaumur's ; the freezing point is 
OP, the boiling point 80°. These are the principal ther- 
mometers used in Euroi)e. 



230 



64. Each degree of Fahrenheit's 
scale is equal to -} of a degree on 
Reaumur's : if, therefore, the number 
of deuces on Fahrenheit's scale, above 
or below the freezing of water, be mul- 
tiplied by 4, and divided by 9, the 
quotient wiH be the corresponding de- 
gree of Reaumur. 

FihcFDbeii. Bnunar. 

eSi^SZ"-. 36x4— 144-f-9— 16» 
212"— 32«— 180x4— 720^9— SO" 

To reduce the degrees of Reaumur 
to those of Fahrenheit, they are to be 
multiplied by 9, and divided by 4<. 



16°x9— 144-i-4— 36°+32°— 68 
80°x9— 720-^4— 180 +32'— 212 

Every degree of Fahrenheit is equal to 
^^ of a degree on the centigrade scale ; 
the reduction, therefore, is as follows : 



212—32—180 X 5—900^9—100° 






100x9—900^5—180+32—212° 




The annexed is acomparative table 
of the different thermometrical scales, 
including de Lisle's, in which the gra- 
duation commences with the boiling 
point which is marked (f, and the 
freezing 15(f. 

65. Wlien a thermometer is intended to measure vefj 
low temperatures, spirit of wine is employed in its con- 
struction, as that fluid has never been frozen, whereat tbe 
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low temperature at which it boils, renders it unfit for mea- 
suring hi^ temperatures. Quicksilver will indicate 500°, 

bat freezes at4(f. 

66. Air is sometimes resorted to as indicating very 
small changes of temperature ; and of air thermome- 
ters, that described by Profes- 
sor Leslie (Experimental In- 
quky into the Nature atid Pro- 
palatum of Heat, by John 
Leslie, London, 180^, p. 9, 
^.) under the name of the 
Differen&d Thermometer, is 
the best. It consists of two 
large glass bulbs containing air, 
united by a tube twice bent at 
ri^ angles, containing co- 
loured sulphuric acid. When 
a hot body approaches one of 
the bulbs, it drives the fluid 
towards the other. The great 
advantage of this instrument 
in delicate experiments is, that 
general changes of the atmos- 
phere's teiUperature do not affect it, but it only 
indicates the difference of temperature between 
the two balls. 

67. Sometimes a simpler form of the air 
thermometer is employed, consisting merely of 
m tube with a bulb at one extremity, the other end 
being open, and immersed into coloured water, 

by expelling a portion of air from the 
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tube by beat, is made to stand at any convenient 
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height: the liquid in the tube descends and rises on 
heating and cooling the air in the bulb. 

68. The relative quantities of heat which difibreot 
bodies in the same state require to raise them to tibe 
same thermometric temperature, is called their spec^ 
heat, and those bodies which require most heat are said 
to have the greatest capacity for heat. That the quan- 
tity of heat in different bodies of the same temperature 
is different, was first shown by Dr. Black, in hia Lec- 
tures at Glasgow, in 1762. 

69. It has been stated as a proof of the accuracy of 
the thermometer, that equal volumes of the same fluid, at 
different temperatures, give the arithmetical mean, on 
mixture. Thus, the temperature of a pint of hot and a 
pint of cold water is, after mixture, as near as possible 
half-way between the extremes. The cold water being 
of a temperature of 50^ and the hot of 100°, the mixture 
raises the thermometer to 75°. But if a pint of quick- 
silver at 100° be mixed with a pint of water at 50°, the 
resulting temperature is not 75°, but 70° ; so that the 
quicksilver has lost 30°, whereas the water has only 
gained 20°. Hence, it appears, that the capacity of 
mercury for heat is less than that of water ; and if flie 
weight of the two bodies be compared, which are as 
13.3 to 1, their capacities will be to each other as 19 
to 1. 

70. In cases where the specific heat of bodies is U^ 
be ascertained, it is convenient that water should be flie 
standard of comparison, or =: 1 . The following is a 
general formula for determining the specific heat of 
bodies, from the temperature resulting from the mixture 
of two bodies at unequal temperatures, whatever be their 
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lespectiye quantities. Multiply the wei^ of the water 
by the difference between its original temperature, and 
that of the mixture : also, multiply the weight of the other 
liquid, by the difieroice between its temperature and that 
of the mixture : divide the first product by the second, 
and the quotient will express the specific heat of the other 
substance, that of water being = 1 . Thus, 20 ounces 
of water at 105^ mixed with 12 ounces of spermaceti 
oil at 4(f , produce a temperature of 9(f. Therdbre, 
multiply 20 by 15 (the difference between 105 and 90) 
= 900. And multiply 12 by 50 (the difference be- 
tween 40 and 90) = 600. Then 900, -s- 600, = |, 
which is the specific heat of oil ; that is, water being 
= 1, oil is = 0,5. 

71. The capacities of bodies for heat have consider- 
able influence upon the rate at which they are heated and 
cooled* Those bodies which are most slowly heated 
and cooled have generally the greatest cq>acity for heat. 
Thus, if equal quantities of water and quicksilver be 
placed at equal distances from the fire, the quicksilver 
will be more rapidly heated than the water, and the 
metal will cool most rapidly when carried to a cold 
place. Upon this principle. Professor Leslie ingeni- 
ously determined the specific heat of bodies, observing 
their relative times of cooling a certain number of de- 
grees, comparatively with water, under similar circum- 



M. M. Petit and Dulong have published some im- 
portant researches on the subject of specific heat, which 
render it probable that the atoms of all simple substances 
have exactly the same capacities for heat. 

72. Lavoisier and La Place endeavoured to ascertain 
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the specific heat of bodies by Uie relative rjuantities of io6 
wliieh they were capable of tliawing, during cooling: 
tlms, if a pint of water in cooling from 212° to 
melted a pound of ice, and a pint of oil in passing throuf^^ 
tlie same range of temperature only gave out heatenou^> 
to thaw half a jiound of ice, it was concluded that tb« 
specific heat of water being =1, that of the oil was 
0,5, The instrument which they employed io the 
researches, and which is fully described in LavoisierTi 
Elements of Ckemistri/, is not, however, susceptible 
accuracy, for Mr. Wedgwood has shown that it 
scarcely possible to separate the water from the ice.- 
Phil. Trans. Vol. Ixxiv. 

73. The capacity of gases and vapours differs wi 
the nature of the gas, and with its density. In gases, dOft 
tation produces cold, and compression excites heat, 
thermometer suspended in the receiver of the air-pum] 
smks during exhaustion, and sudden compression of air 
produces heat sufficient to inllame tinder. In liquid*, 
too, condensation diminishes capacity for heat ; hei 
the mixture of spirit and water, and of sulphuric acid 
water, evolves heat. The increased rapacity which tdi' 
acquires by rarefaction has its influence in modifying 
natural temperatures. The air, becoming rarer as K 
ascends, absorbs its own heat, and hence becomes 
iu proportion as it recedes from the eartli's surface : 
moisture, rain, or snow, are thrown down on the 
tain-tops. 

74.. When different bodies are exposed to the 
source of heat, they suffer it to pass through them with 
very different degrees of velocity, or Uiey have varioui 
coruUicting powers iu regard to heat. Among solid 
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metals are the best conductors ; and silver, gold, and cop- 
per, are better conductors than platinum, iron, and lead. 
Next to the metals, we may, perhaps, place the diamond, 
and topaz; then glass ; then siliceous and hard stony bodies 
in general ; then soft and porous earthy bodies, and wood ; 
and lastly, down, feathers, wool, and other porous articles 
of clothing. 

75. To compare the relative conducting powers of 
metals, and some other solids, smaU cones of the different 
substances may be used about three inches high, and half 
an inch in diameter at their bases : these may be tipped at 
the apex with a small piece of wax, and being placed on 
a heated metallic plate, will indicate the conducting 
powers by the relative times required to fiise the wax^ 
which will be directly, as the power of conducting 
heat. 

The difference between the conducting power of the 
diamond and rock crystal or glass, is shown by apply- 
ing the tongue to those substances, when the former feels 
colder than the latter. 

From the experiments of Professor Mayer, of Er- 
langen, {Amudes de Ckimie, tom. xxx,) it would appear 
that the conducting powers of different woods is in 
some measure inversely as their specific gravities, as 
shown by the following table, water being assumed 

= 1. 

CoDdactbic Pofwer. Spedf. Grav. 

Water 10 1.000 

Ebony Wood 21.7 1.054 

Apple tree 27.4 0.639 

A»h 30.8 0.631 

Beech 32.1 0.692 

Hornbeam 32.3 0.690 
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CoDdMUBK Power. Specif. Orav. 

Plumtree 32.5 0.687 

Elm 32.5 0.646 

Oak 32.6 0.668 

Peartree 33.2 0.603 

Birch 34.1 0.608 

SUverfir 37.5 0.495 

Alder 38.4 0.484 

Scotch fir 38.6 0.408 

Norway Spruce 38.9 0.447 

Lime 39.0 • 0.408 

Count Rumford's experiments on the conducting power 
of several substances used as clothing, offer some inte- 
resting results, {Phil. Trans. 1792.) He found that a 
thermometer enclosed in a tube and bulb of the same 
shape, but large enough to allow of an inch vacant spuce 
between the two, being previously heated, required 576 
seconds to cool 135^ When 16 grains of lint were dif- 
fused through the confined air, it took 10^ seconds to 
undergo the same change of temperature; and 1305 
seconds with the same weight of Eider-down. The com- 
pression of flocculent substances to a certain extent, ren- 
ders them still inferior conductors : thus, when the space 
which in the above experiments contained 1 6 grains of 
Eider-down was filled with 32, and then with 64 grains, 
the times required for the escape of 60 degrees of heat 
were successively increased from 1305". to 1472^ and 
1615". 

On the other hand, to show the effect of mere texture^ 
similar comparative trials were made of the conducting 
powers of equal weights of raw silk, of ravelings of 
white taffeta, and of common sewing silk, of whidi 
the first has the finest fibre, tlie second less fine, aiid 
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the third from being twisted and harder is much 
coarser. The difference between these three modifi- 
cations of the same substance is very striking, the raw 
silk detaining the heat for 1284'^ the taffeta ravelings 
1 169", and the silk thread only 917'.— Aikin's Diet. 
Art. Caloric. 

76. Liquids and gases are very imperfect conductors 
of heat^ and heat is generally distributed through them by 
a diange of specific gravity, as before stated (58. 59.) 

If we apply heat to the upper surface of any fluid, 
it will with great difficulty make its way downwards. 
Count Rumford considered fluids as non-conductors 
of heat ; but the more accurate researches of Dalton, 
Hope, Murray, (System of Chemistry, Vol. i.,) and 
Thomson, (System of Chemistry^ Vol. i.,) have demon- 
strated that they do conduct, thou^ very imperfectly. 

Thus, if we carefiiUy pour hot oil upon water in a tall 
glass jar with delicate thermometers placed at different 
distances under the surface, it will be found that those 
near the heated surface indicate increase of temperature : 
it might here be said that the heat was conducted by the 
sides of the jar, and so communicated to the water ; to 
obviate such objection, Mr. Murray made the experiment 
in a vessel of ice, which being converted into water at 
32°, cannot convey any degree of heat above 32° down- 
wards ; yet the thermometers were affected, as in the 
former trial. 

Experiments on the conducting power of air are com- 
plex and difficult, and the results hitherto obtained are 
unsatisfactory. They are interfered with by several cir« 
cumstances hereafter to be noticed, and especially by 
radiation. 
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77. The different conducting powers of bodies in 
respect to heat, are shown in the application of wooden 
handles to metallic vessels ; or a stratum of ivory or wood 
is interposed between the hot vessel and the metal handle. 
The transfer of heat is thus prevented. Heat is confined 
by bad conductors ; hence clothing for cold climates con- 
sists of woollen materials ; hence, too, the walls of furnaces 
are composed of clay and sand. Confined air is a very 
bad conductor of heat ; hence the advantage of double 
doors to furnaces, to prevent the escape of heat ; and of 
a double wall, with an interposed stratum of air, to an 
icehouse, which prevents the influx of heat from widioat. 

78. From the different conducting powers of bodiei 
in respect to heat, arise the sensations of heat and cold 
experienced upon their application to our organs, tfaoogji 
their thermometric temperature is similar. Good con- 
ductors occasion, when touched, a greater sensation of 
heat and cold than bad ones. Metal feels cold becaoK 
it readily carries off the heat of the body ; and we cannot 
touch a piece of metal immersed in air of a temperature 
moderate to our sense. 

79. Heat has great influence on ihe forms or states 
of bodies. When we heat a solid, it becomes fluid or 
gaseous ; and liquids arc converted into aeriform bodiei 
or vapours. Dr. Black investigated this effect of heat 
with singular felicity, and his researches rank among the 
most admirable efforts of experimental philosophy, 
(Black's Lectures^ edited by John Robison, LL.D.) 
During the liquefaction of bodies, a quantity of heat is 
absorbed, which is essential to the state of fluidity, 
and which does not increase the sensible or thermometric 
temperature. Consequently, if a cold solid body, and 
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the same body hot and in a liquid state, be mixed in 
known proportions, the temperature after mixture will 
not be the proportional mean, as would be the case if 
both were liquid, but will fall short of it ; much of the 
heat of the hotter body being consumed in rendering the 
colder solid, liquid, before it produces any effect upon 
its setuible temperature. 

80. Equal parts of uxUer at 32°, and of water at 
212° will produce on mixture a mean temperature of 122°. 
But equal parts of tee at ^, and of water at 212°, will 
only produce (after the liquefeu^tion of the ice) a tempera- 
ture of 52°, the greater portion of the heat of the water 
being employed in thawing the ice, before it can produce 
any rise of temperature in the mixture. To heat thus 
tnseniible or combined. Dr. Black applied the term latent 
heat. The actual loss of the thermometric heat in 
these cases was thus estimated : a pound of ice at 32° 
was put into a pound of water at 172°; the ice melted, 
and the temperature of the mixture was 32°. Here the 
water was cooled 140°, while the temperature of ice was 
unaltered ; that is, \4Xf of heat disi^peared, their effect 
being not to increase temperature, but to produce fluidity. 

81 . The same phenomena are observable in all cases 
of Kquefoction, and we produce artificial cold, often of 
great intensity, by the rapid solution of certain saline 
bodies in water. Upon this principle the action of 
freezing mixtures depends, some of which may frequently 
be conveniently and (Economically applied to the purpose 
of cooling wine or water in hot climates, or where 
ice cannot be procured. The following Table shews 
flie results of some of Mr. Walker's experiments on tliis 
subject. 
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Mixtnm. 


ThemMMMter ilBk*. 


Muriate of ammonia . . 
Nitre 


Parts. 

5 

5 

16 


From 50^ to 10** 


Water 




Nitrate of ammonia . • 
Water ,,,. 


1 
1 


From 50^ to 4^ 




Sulphate of soda • • • • 
Diluted sulphuric acid 


5 
4 


From 60^ to 29 


Snow • 


1 
i 


From 32<> to 0® 


Common salt 


Muriate of lime 

Snow 


3 
2 


From 32° to— .50** 




Snow •• 


2 

1 
1 


From— 10** to— 5ff* 


Diluted sulphuric acid 
Diluted nitric acid. . • • 


Snow or pounded ice. . 

Common salt 

Nitrate of ammonia • • 


12 
5 
5 


From— 18** to— 25** 


Muriate of lime 

Snow •••• •••.. 


3 
1 


From— 40** to— 73** 




Diluted sulphuric acid 
Snow 


10 
8 


From— 68** to— 91** 



In order to produce these effects, the salts employed 
must be fresh crystallized, and newly reduced to a very 
fine powder. The vessels in which the free2dng mixture 
is made should be very thin, and just large enough to 
hold it, and the materials should be mixed together at 
quickly as possible. 

In order to produce great cold, they ought to be fint 
reduced to the temperature marked in the table, by 
placing them in some of tlie other freezing mixtures; 
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ami then they are to be mixed together in a similar 
freezing mixture, — Phil. Trans., 1795. 

82. When fluids are converted into solids, their 
latent heat becomes sensible ; tlius when a solution of 
Glauber's salt is made suddenly to crystallize (16), its 
temperature is considerably augmented ; and when water 
is poured upon quicklime, a great degree of heat is 
produced by the solidification which it suffers in con- 
sequence of chemical combination ; congelation, there- 
fore, is to surrounding bodies a heating process, and 
liquefaction a cooling process. 

83. When liquids are heated, they acquire the ga- 
seous form, and become invisible elastic fluids, possessed 
of the mechanical properties of common air. They retain 
this form or state as long as their temperature remains 
sufficiently high, but re-assume the liquid form when 
cooled again. Different fluids pass into the aeriform 
state at different temperatures, or their boiling points 
are different ; these are also regulated by the density of 
the atmosphere. If we diminish atmospheric pressure, 
we lower the boiling point. When the barometer is at 
28 inches, water will boil at a lower temperature than 
when it is at 31 inches. Water under mean atmo- 
spheric pressure boils at 212^. At the top of Mont 
Blanc, Saussure found that it boiled at 187^, so that 
the heights of mountains, and even of buildings, may 
be calculated by reference to the temperature at which 
water boils upon their summits. The Reverend 
Mr. WoUaston has described to the Royal Society 
the method of constructing a thermometer of extreme 
delicacy, applicable to these purposes, — PhU. Trans, ^ 

VOL. I. R 



IS17. In the vacuum of an air-pump, fluids boil st 
temperatures considerably below their ordinary boiling 
points. 

84<. The following apparently paradoxical experi* 
mcnt also illustrates the influence of dinunished presanre 
in facilitating ebullition. Insert a stopcock securely 
into the neck of a Florence flask, containing a little 
water, and heat it over a lamp till the water boils, 
and the steam freely escapes by the open stopcock; - 
then suddenly remove the lamp and close the cock. 
The water will soon cease to boil ; but if plunged 
into a vessel of cold water, ebullition instantly re- 
commences, but ceases if the flask be held near the 
fire: tiio vacuum in this case being produced by the 
condensation of tlic steam. 




85. Under increased pressure, on the contrar}'. 
fluids require a higher temperature to produce their ebul- 
lition, as may be shown by the followir^ experimenti. 
CE is a strong brass globe, composed of two hcniis[4iCTC« 
screwed together with flanches ; a portion of quick- 
silver is introduced into it, and it is then about half 
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filled with water. 6 is a barometer- 
tube passing through a steam-tight 
collar, and dipping into the quick- 
silver at the bottom of the globe, 
c is a thermometer graduated to 
about 40(f , and also passing through 
an air-tight collar, disa, stopcock, 
and e a large spirit lamp. The 
whole is supported upon the brass 
frame and stand /. Upon applying 
heat to this vessel, the stopcock 
being closed as soon as the water 
boils, it will be found that the tem- 
perature of the water and its vapour 
increases with the pressure, which 
is measured by the ascent of the 
mercury in the barom^;er-tube. The 
thermometer under atmospheric pres- 
sure being at 212°, will be elevated to 
217° under a j^essure of five inches 
of mercury, and to 240^ under a 
pressure of 30 inches, or there- 
abouts ; each inch of mercury pro- 
ducing by its pressure a rise of about 
1° in the thermometer. The baro- 
meter-tube also serves the purpose 
of a safety-valve, the strength of die 
brass globe being such as to resist a 
greater.pressurc than that of one atmosphere. 

86. The conversion of a liquid into vapour is al- 
wajrs attended with great loss of thermometric heat ; 
and as liquids may be regarded as compounds of solids 
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and heat, so vapours may be considered as consisting 
of a similar combination of heat with liquids ; in other 
words, a great quantity of heat becomes latent during 
the formation of vapour. This is easily illustrated by 
immersing a thermometer into an open vessel of water 
placed over a lamp. The quicksilver rises to 212°» the 
water then boils, and although the source of heat re- 
mains, neither the water nor the steam acquire a higher 
temperature than 212'' ; the heat then becomes latent, 
and is consumed in the formation of . steam. 

87. To ascertain the absolute loss of thermometric 
heat in this case. Dr. Black instituted the following ex* 
periments : he noted the time required to raise a certain 
quantity of water to its boiling point; he then kept iqp 
the same heat till the was evaporated, and marked 
the time consumed by the process ; it waA thus com- 
puted to what height the temperature would have risoi, 
supposing (he rise to have gone on above 212°, in 
the same ratio as below it; and as the temperature 
of the steam was tlie same as that of the water, it was 
fairly inferred that all the heat above 212^ was essential 
to the constitution of aqueous vapour. Dr. Black es- 
timated this quantity at about 810^ ; that is, the same 
quantity of heat which is required for the total evapora- 
tion of boiling water at 212° would be sufficient to raise 
the water 810° above its boiling point, or to 1022° had 
it continued in the liquid state. There are other means 
of ascertaining the latent iicat of steam, which lead us 
to place it between 900° and 1000°. 

88. The following table of the latent heat of steam 
and some other vapours is extracted from a paper in the 
Philosophical Transactioiis for 1818, by Dr. Ure. 
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Vapour of Water at -21%° 967°.00 

Alcohol 442.00 

Ether 302 .38 

Petioleiim 177 .87 

Oil of TurpcDtine .. 177 .87 

Nitric Acid 531 .99 

Liquid Ammonia. . . . 837 .28 

Vinegar 875.00 

89. When steam is again condensed, or when 
vapours re-assiimc the liquid state, their latent heat be- 
comes sensible; and in this way it is obvious tfaat a small 
quantity of steam will, during its condensation, eom- 
municate heat sufficient to boil a targe quantity of water. 
The small boiler, represented in the -annexed cut 
taken, from Dr. Hewry's Ehmails of Chemistry, may 
be conveniently employed in experiments on the latent 
heat of steam. 




For this purpose tlie tube e must be screwed on the stop- 
cock b, and immersed into the glass of water/. The cock 
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c being closed, the steam arising from the, boiling water 
a will pass into the cold water fy the temperature of 
which will be much augmented by its condensation. 
Ascertain the increase of temperature and weight, and 
the result will show how much a given weight of water 
has had its temperature raised by a certain weight of 
condensed steam. To another quantity of water, of 
the same weight and temperature as that in the jar at 
the outset of the experiment, add a quantity of water 
at 212^, equal in weight to the condensed steam ; it wiH 
be found, on comparing the resulting temperatures, tint 
a given weight of steam has produced, by its condeiir 
sation, a much greater elevation of temperatore than 
the same quantity of boiling water. — ^Henrt, Vol. L, 
p. 106, 7th edit. 

9Q. In breweries and other manufactories, wbeie 
large quantities of warm and boiling water are consumed, 
it is frequently heated by thus conveying steam into it, or 
by suffering steam-pipes to traverse the vessels, or by 
employing double vessels, a plan adopted with par- 
ticular advantage in the laboratories at Apothecaries* 
Hall. This method of warming water has also been 
very advantageously applied to heating baths. Where 
a higher temperature than 212^ is required, it is neces* 
sary to employ steam under adequate pressure, and 
a very ingenious means of producing high-pressure 
steam for this purpose has been contrived by Messrs. 
J. and P. Taylor, and applied by them, upon a very 
large scale, at Whitbread and Co.'s brewhouse. 

The heat given off by steam during its condensa- 
tion, is also often advantageously applied to wanning 
buildings, and is at once safe, salubrious, and economical. 
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91. The cold produced by evaporation is, under 
certain circumstances^ very great. Spirit of wine, and 
ether, which readily evaporate, produce considerable 
cold during that process. Upon this principle wine- 
coolers, and similar porous vessels, refrigerate the fluids 
they contain ; and thus, by accelerating the evaporation 
of water, by exposing it under an exhausted receiver, 
containing bodies that quickly absorb its vapour. Pro- 
fessor Leslie has contrived to effect its congelation ; 
the heat required for the conversion of one portion of 
the water into vapour being taken from the other por- 
tion, which is thus reduced to ice. — See Supplement to 
Emyclopwdia Brit., Art. Cold. 

92. The instrument invented by Dr. Wollaston, 
and called by him the Cryophorus, acts upon a similar 
principle. It consists of a glass tube with a bulb at 
each extremity, of the sha|)c annexed. 
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One of tlie bulbs is about half Kllcd with water, and 
a good vacuum is produced in the other by boiling tlie 
water and sealing ttie tube whilst full of steam. On 
immersing the empty bulb in a freezing-mixture, the 
water soon congeals in the other, although the inter- 
vening tube be two or three feet long. The vapour in 
the empty bulb is condensed by the cold, and a fresh 
quantity of vapour arises successively from the water in 
the otiier, by which so much lient is carried oft* as to 
cause it to congeal. — Phil, Tram. 1813. 
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93. In many natural operations the eonversion of 
water into vapour, and the condensation of vapour in 
the form of dew and rain, is a process of the utmost 
importance, and tends considerably to the equalization 
of temperature over the globe. 

94^ Nothing is known of the nature or cause of 
heat. It has been by some considered as a peculiar 
fluid, to which the term Caloric has been applied ; and 
many phenomena are in favour of the existence of such 
a fluid. By others, the pha^nomena above described 
have been referred to a vibratory motion of the par- 
ticles of matter, varying in velocity with the perceived 
intensity of the heat. In fluids and gases the par- 
ticles are conceived to have a motion round their own 
axes. Temperature, therefore, would increase with tiie 
velocity of the vibrations ; and increase of capaci^ 
would be produced by the motion being performed in 
greater space. The loss of temperature, during tiic 
change of solids into liquids and gases, would depend 
upon loss of vibrator^/ motion, in consequence of the 
acquired rotatory motion. 

Upon the other hypothesis, temperature is referred to 
the quantiti/ of caloric present ; and the loss of tem- 
perature, wliich happens when bodies change their state, 
depends upon tlie chemical combination of the caloric 
with the solid in the case of liquefaction, and wiili tlic 
liciuid in tlic case of conversion into tlie aeriform state. 
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Section IV. Electricity. 

95. If a piece of sealing-wax and of dry warm 
flannel be rubbed against each other, they both become 
capable of attracting and repelling light bodies. A dry 
and. warm sheet of writing-paper, rubbed with India 
rubber, or a tube of glass rubbed upon silk, exhibit the 
same phasnomena. In these cases the bodies are said to 
be electrically excited ; and when in a dark room, they 
always appear luminous. 

96. If two pith-balls be electrified by touching 
them with the sealing-wax or with the flannel, tliey 
repel each other ; but if one pith-ball be electrified by 
the wax, and the other by the flannel, they attract each 
other. The same applies to the glass and silk : it shows 
a difference in the electricities of the difierent bodies, 
and the experiment leads to the conclusion, that bodies 
similarly electrified repel each other, but that vohen dis- 
similarly electrified they attract each other. 

The term electrical repulsion is here used merely to 
denote the appearance of the phenomenon, the separa- 
tion being probably referable to the new attractive 
power which they acquire, when electrified, for the air 
and other surrounding bodies. 

If one ball be electrified by sealing-wax rubbed by 
flannel, and another by silk rubbed with glass, those 
balls will repel each other ; which proves that the elec- 
tricity of the silk is the same as tliat of the sealing-wax. 
But if one ball be electrified by tlic sealing-wax and 
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the other by the glass, they then attract each other, 
showing that they are oppositely electrified. 

These experiments are most conveniently performed 
witli a large downy feather suspended by a silken 
thread. If an excited glass tube be brought near it, it 
will receive and retain its electricity ; it will be first 
attracted, and then repelled, and upon re-exciting the 
tube, and again approaching it, it will not again be 
attracted, but retain its state of repulsion: but iqx» 
approaching it with excited sealing-wax, it will instantljr 
be attracted, and remain in contact with the wax till it 
has acquired its electricity, when it will be repelled, 
and in that state of repulsion it will be attracted by 
the glass. In these experiments care must be taken 
that the feather remains freely suspended in the air, 
and touches nothing capable of carrying off its elec- 
tricity. 

97. The terms vUream and resinous electricity 
were applied to tiiese two phenomena ; but Franklin, 
observing that the same electricity was not inherent in 
the same body, but that glass sometimes exhibited the 
same phaenomena as wax, and 'okc versa y adopted an- 
other term, and, instead of regarding tlic phenomena as 
dependent upon two electric fluids, referred tliem to the 
presence of one fluid, in excess in some cases, and in 
deficiency in others. To represent these states he 
used tlie terms plus and minusy jwsitive and negative. 
When glass is rubbed with silk, a portion of electricity 
leaves the silk and enters the glass ; it becomes pontict, 
therefore, and the silk negative : but when sealing-wax 
is rubbed with flannel, the wax loses and tlie flannel 
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gains ; the former, therefore, is negative, and the latter 
positive. All bodies in nature are thus regarded as 
containing the electric fluids and when its equilibrium 
is disturbed, they exhibit the phsnomena just de- 
scribed. 

96. The substances enumerated in the following 
table become positively electrified when rubbed with tbose 
which follow them in the list, but with diose whidi pre- 
cede them they become negatively electrical. — Biot, 
TtaUe dc Physique, tom. ii., p. 220. 

Cat's skin 
Polished glass 
Woollen cloth 
Feathers 
Paper 
Silk 

Gum lac 
Rough glass. 

99. Very delicate pith-balls, or strips of gold leaf, 
are usually employed in ascertaining the presence of 
electricity ; and, by the way in which their divergence 
is aflEscted by glass or sealing-wax, the kind or state 
of dectricity is judged of. When properly 
suqiended or mounted for delicate experiments, 
they form an dtctrometer or electroscope. For 
this purpose the slips of gold leaf are suspended 
by a brass cap and wire in a glass cylinder ; 
they hang in contact when unelectrified ; but 
when electrified they diverge, as in the mar- 
ginal wood-cut. 
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When this instrument, as usually constructed, becomes 
in a small degree damp, its delicacy is much diminished, 
and it is rendered nearly useless. The following improve- 
ment in its construction by the late Mr. Singer renders it 
a much more sensible and useful instrument. It is con- 
structed as usual, with a glass cylinder, surmounted by 
a brass cap ; but the insulation is made to depend upon a 
glass tube, about four inches long, and one-fourtii of an 
inch internal diameter, covered both on the inside and 
outside with sealing-wax, and having a brass wire of a 
sixteenth or twelfth of an inch thick and five indies 
long, passing through its axis, so as to be perfectly free 
from contact with any part of the tube, in 
the middle of which it is fixed by a plug of 
silk, which keeps it concentric with the in- 
ternal diameter of the tube, a, is a brass 
cap screwed upon the upper part of this 
wire ; it serves to limit the atmosphere from 
free contact with tlie outside of the tube, 
and also defends its inside from dust ; to the lower 
part of the wire tiie gold leaves are attached, and 
the whole mounted as usual, and as represented 
above. 

100. The kind of electricity by which tlie gold 
leaves are diverged may be judged of by approaching 
tlic cap of the instrument with a stick of excited sealing- 
wax ; if it be negative the divergence will increase ; if 
positive, the leaves will collapse, upon the principle of 
the mutual annihilation of the opposite electricities, or 
that bodies similarly electrified repel each other, but 
that when dissimilarly electrified they become mutually 
attractive. (96.) 
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101. To ascertain the actual repulsive and attrac- 
tive powers appertaining to weakly-electrified bodies, M. 
Coulomb has ingeniously availed him- 
self of the principle of torsion, and has 
thus constructed his electrical balance. 
It consists of a fine metallic wire, a, one 
end of which is attached to the screw 
b^ and to the other isjsuspended the hori- 
zontal needle c, composed of gum-lac or 
other nonconductor, and armed at one 
extremity with a gilt pith-ball, coun- 
terpoised at the other end by an index. 
Tlie conductor d, is a small wire with a 
ball at each end passing through the glass 
riK^eiver in which the needle is suspended, and having 
its lower ball opposed to that of the needle. By the 
screw 6, the two balls are brought into contact, and the 
index then points to o, on the divided scale of degrees. 
On communicating a very feeble electrical power to the 
conductor, it transfers it to the moveable pith-ball, 
and repels it a certain number of degrees, proportional 
to the intensity of the acquired electricity, and measured 
by the power of torsion which it exerts upon the fine 
wire. * By experiments made with this electrometer, it 
would appear that the electrical powers follow the law 
of gravitation, in being in the inverse ratio of the 
squares of the distances of the acting bodies. In the 
most delicate construction of the instrument a single 
silk-worm's thread is used instead of the wire. 

103. Some bodies suffer electricity to pass tliroiigh 
their substance, and are called conductors. Others only 
receive it upon the spot touched, and are called wow- 
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conductors. Tlio former do not, in gcntTal, becom 
electric by friction, ami arc called iiondectrics.- tlie latte 
on the contrary, are electrics, or acquire electricity Iiy 
friction. Tlicy are also called insulators. The inetab 
arc all conductors ; dry air, glass, sulphur, and resiiB. 
are nonconductors. Water, damp wood, spirit of wine, 
clamp air, and some oils, are imperfect conductors. 

103. Rarefied air admits of the passage of electrici^ 
so (Iocs the Torricellian vacuum : hence if an electrifii 
body be placed under the receiver of the air-pump, it^ 
loses its electricity during exhaustion. So that the c 
independent of its nonconducting power, appears to 
influence the retentive properties of bodies in respe 
to electricity, by its pressure, 

lOl', There appears to be no constant relation be- 
tween the state of bodies and their conducting powers: 
among solids, metals are conductors, but gums aul^ 
resins are nonconductors ; among liquids, strong aid 
line, acid, and saline solutions, are good cooductorr 
pure water is an imperfect conductor, and oils are non- 
conductors ; solid wax is almost a nonconductor, Iwt 
when melted, a good one. Conducting powers belong 
to bodies in the most opposite states ; thus the Hamc <>( 
- alcohol, and ice, are equally good conductors. (Bior, 
Traite de Physique, torn, ii., p. 313.) Glass is a iMH 
conductor when cold, but conducts when red-hot ; flM 
diamond is a nonconductor, but pure and well-banwl 
charcoal is among the best conductors. 

1 05. There are many mineral substances which ilio" 
signs of electricity when heated, as the tourmalin, topat 
diamond, boracite, 8:c.; and in these bodies the diflereiB 
surfaces exhibit different electrical states. 
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lOG. Whenever <inc part of a body, or system of 
boilies, is positive, another part is invariably negative ; 
and these opposite electrical states arc always such as 
exactly to neutralize each other. Thus, in the common 
electrical machine, one conductor receives the electri- 
city of tlie glass cylinder, and the oilier that of the silk 
rubber, and the fonncr conductor is positive and the 
latter negative ; but if they be connected, all electrical 
l^ixnomcna cease. 

107. The best electrical machine for experimental 
purposes is represented in the annexed sketch. 




It consists of a gLiss cylimk'r a, :i!tout 10 or 12 
inches in diameter, and 15 to 20 inches in length, turn- 
ing between two upright pillars of glass, b b, fixed to 
a stout mahogany base. Two smooth metal conductors. 
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equal in length to tlie cylinder and about one-tliird of 
its diameter, c c, are placed parallel to it upon two 
glass pillars, d d, which are cemented into two slid- 
ing pieces of wood e, by which their distance from the 
cylinder may be adjusted. One of the conductors hai 
a cushion, f, attached to it by a bent metallic spring, 
nearly as long as the cylinder, and about one inch or 
an inch and a half wide, to the upper part of which is 
sewed a flap of oil-silk, o, which should reach from the 
cushion over the upper surface of the glass cylinder, to 
within about an inch of a row of points attached to the 
side of the opposite conductor. The conductor to which 
the cushion is attached is called the negative conductor; 
the other collects the electricity of the glass, and is 
called the positivejconductor. la, is an adjusting screw 
to regulate the pressure of the cushion upon the cylinder. 
The motion of the cylinder is in the direction of the 
silk flap, and may be communicated by a handle at- 
tached at I, or by the multiplying wheel k. To put 
this electrical machine into good action, every part 
should be made perfectly clean and dry. The cushion 
is then anointed with amalgam, and applied by a geutle 
pressure to the cylinder. If positive electricity is re- 
quired, it may be received from the conductor bearing 
the points, that supporting the cushion being uninsulated 
by a wire passing from it to the stand ; — if, on the 
contrary, negative electricity is required, it may be 
obtained from the insulated cushion cylinder, the other 
being uninsulated. 

108. The best amalgam is composed of one part 
of tin and two of zinc melted togetlier, and mixed, while 
fluid, witli six parts of hot mercury in an iron mortar. This 
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mixture is triturated till it becomes a fine powder, which 
h then formed into a tenacious paste with hoga" lard. 

109. Another form of the electrical machine con- 
sists of a circular glass plate a, mounted upon an axis 



and rubbed by twu pairs nf rusbions. a« Khnwn at d 6. 
Tlie brass conductor c has its points opposed to the 
plate, and is insulated by the glass stem d. — e e arc 
double pieces ofoil-silk passing from thecushions to near 
the points. The whole is supported by a stout mahogany 
frame, and motion is given to the plate by^the winch f. 
These electrical machines have considerable power ; 
■ fliey are easily cleaned and excited, and are more por- 
table than the cylinders ; but as they cannot be con- 
veniently iasulated, the negative electrical power cannot 
be well eithibited, so that for the purposes of experi- 
mental research the former machines are preferable. 

1 10. When tlie electrical machine is in good order, 
and the atmosphere dry , it produces a crackling noise when 
VOL. 1. S 



258 ELECTRICITV. 

the plate or cylinder is turned, and flashes and spaib 
of light are seen upon various parts of the glass passing 
from the cushion to the conductor : if the knacklc be 
held near the conductor, sparks pass to it throu^ 
some inches of air, with a peculiar noise, and excite 
slightly painful sensation in the part upon which thej 
are received. It is conjectured that the cause of the 
light thus perceived, is the sudden compression of fte 
air or medium through which the electricity passes, and 
it is always probably attended by a proportionate ele- 
vation of temperature, as is shown by the power of the 
spark to inflame spirit of wine, fulminating silver, and 
other easily inflammable compounds. 

111. The appearance of the electric light is modified 
by the density of the medium through which it passes. In 
dense air it is bright and white ; in rarefied air it is of 
a reddish tinge and faint and divided ; and in the more 
perfect vacuum of a good air-pump, it is of a purplidi 
hue, and scarcely visible except in a very dork room. 

112. If an insulated conductor be electrified, and 
an uninsulated conductor be opposed to it, tlierc being 
between tlie two a thin stratum of air, glass, or other 
nonconductor, the uninsulated conductor, under sudi 
circumstances, acquires an opposite electrical state to 
that of the originally electrified insulated conductor. In 
this case, the uniasulated body is said to be electrified 
by i?idu4:tion ; and the induced electricity remains evident, 
until an explosion, spark, or discharge happens, when 
the opposite electricities annihilate each other. Induced 
electricity may thus be exliibitcd through a long series 
of insulated conductors, provided the last of the series 
be communicated with the earth. 
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Thus, in the following diagram, a, may represent the 
positive conductor of the electrical machine ; b, c, and 
D, three insulated conductors, placed at a little distance 
from each other, d having a chain touching the ground ; 
then the balls 1, being positive, will attract the balls 8, 
which are rendered negative by induction. Under these 
circumstances, each of the conductors becomes polar, and 
the balls 3 are positive, while 4* are negative, 5 positive, 
6 negative, 4rc. : the central points of the conductors, b c d, 
are neutral. When these opposite electrical states have 
arrived at a certain intensity, sparks pass between the 
different conductors, and the electrical phenomena cease. 

113. The extent of such a polar arrangement may 
be greatly increased by pasting small spangles of tin-foil, 
upon a clean plate of glass, within a small 
distance of each other, each of which will 
then represent an insulated conductor; and 
the first spangle being held near the ex- 
cited conductor of the machine, and the 
last in the hand, a series of brilliant sparks 
will pass between each, indicating the an- 
nihilation of the opposite electrical states. 
The spiral luminous tube^ a, luminous 
words, flowers, &c., are arrangements of 
this kind. 

114. Upon the principle of induction it is that the 
acciunulation of electricity in the hey den phial \^ eflected. 
It consists of a thin glass jar, coated internally and ex- 
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ternally with tinfoil to within a short distance of its 
mouUi. When tlie inner surface is' rendered 
positive by union with the conductor of the 
electrical machine, tJic exterior, being con- 
nected with the ground, becomes negative by 
induction. When tlic inner and outer surfaces 
are united by a conductor, all electrical accu- 
mulation is annihilated by a powerful spark, 
and tlic two opposite states arc found to have 
been precisely equivalent. 

If the coimnunication between the opposite sur- 
faces of the Leyden phial be made by the hands, apainfiil 
jarring sensation is felt at the joints of the fingerB, Ae 
elbows, shoulders, and chest, commonly called the eicchi' 
cal shock. Metallic wires, widi balls at their ends, bei^ 
or jointed and fixed to a glass handle, are genendly used 
to transfer the electric charge, and these instruments arc 
colled dischargers. 

115. In nil cases of electrical accumulation, the 
surfaces intended to rctaiii it must be free from asperities, 
and points : a pointed wire held near the prime conductor 
instantly gains an opposite state, and rapidly discharges 
it ; if it be affixed to the conductor, a similar effect is 
observed ; and upon holding the hand near tiic point, a 
peculiar coldness is perceived, which has been called Sk 
e/ec/rtca/flwrn, and which depends upon the rapid reces- 
sion of the electrified air. If tlie Lcyden jar be dis- 
charged by a pointed wire, the electricities quietly an- 
nihilate eacli other, and no explosion can be produced. 

1 1 G. To ascertain the relative charge which the jar 
has received, we employ the quadrant electrometer, con- 
trived by Henly. It consists of a rounded sten\of metal. 
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A, to the side of which is attached an 
ivory semi-circle, b ; to the centre is af- 
fixed a pin, upon which a very thin piece 
of cane or ivory, about 4 inches long, 
with a pith ball at its lower extremity, 
turns freely, traversing the semicircle 
as an index. The lower half of the semi- 
circle is di videid into 9(f. When not elec- 
trified, its index hangs parallel to the stem 
at (f , but when electrified, the ball recedes and carries 
the index over the graduated circle to a greater or less 
extent, in proportion to the intensity of the electricity. 

1 17. The annihilation of positive by negative electri- 
city, and vice versa, may be well shown by the following 
experiment. Attach Henly's quadrant electrometer to 
the knob of a Leyden jar, and give it a certain charge 
from the positive conductor : then transfer tlie jar to the 
negative conductor, and, whilst receiving a negative 
charge, tlie electrometer will fall, indicating the loss of 
all electrical accumulation ; it then will again rise as 
the jar becomes negatively charged, and may again be 
discharged by transferring it to the positive conductor. 

1 IS. If one Leyden jar be insulated with its internal 
surface connected with the positive conductor, another 
jar maybe charged from its exterior coating ; and if this 
second jar be insulated, a third may be charged from its 
exterior coating, and so on for any number of jars, pro- 
vidcd always that tlic exterior coating of the last jar be 
connected with the ground. In this case, a polar ar- 
rangement, similar to that of the conductors just described, 
(113) will have been formed, glass being the medium of 
induction instead of air. 
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Let 6 p be the positive conductor of the electrical 
machine, and a b c three insulated Leyden phials, (he 
outer coating of c being connected with the ground ; it 
is then obvious, that there will be the same polar state 
as in the conductors just noticed ; that the insides of a, 6, 
and Cy will be positive; and the outsides negative; 
and that, consequently, on removing the jars from 
each other, they will all be similarly charged, and that 
if the three inner surfaces p p'p and the outer sorfacei 
n 72 n be united, the whole may be discharged as one 
jar. 

119. Upon this principle a jar may be charged by 
the transfer of its inherent electricity from one surface 
-to the other, by insulating it and connecting its interior 
costing with the positive conductor, and its exterior 
with the negative ; — thus the electricity received by the 
former is withdrawn from the latter, and the jar becomes 
charged. This experiment well illustrates the noncon- 
ducting power of glass. 

120. The use of the metallic coatings of the Leyden 
phial is equally to distribute the electricities over ibe 
opposite surfaces, for if the coatings be made moveable 
the jar remains charged when tliey are removed. In 
discharging the jar, too, the annihilation is rendered 
simultaneous by the conducting coating suffering the 
transfer of the opposite electricities from every part of 
the glass surfaces at the same instant. 

121. There are some other electrical instmrnents 



ELECTRICITT. 263 

(the operation of which is referable to the phaenoinena of 
induction^ such as the electrophorus, and the condenser. 

The dcctrophorw consists of two metallic plates, a a, 
with an interyening plate of resinous matter, b, for which 
equal parts of shell-lac, resin, and Venice turpentine, are 
generally used, die mixture being carefully melted in a 
pipkin, and poured, whilst liquid, mto a wooden or 
metal hoop, of a proper size, placed upon a polished 
florfiiGe of glass or marble, fromjirhich it easily separates 
when cold ; it should be about half an inch thick, and 
the smooth surface being uppermost, the lower side 
should be covered with tin foil, or attached to any other 
metallic plate ; a polished brass 
plate, with a glass handle c at- 
tached to it, is then placed upon 
the upper surface of the resinous 
plate, and of rather smaller dia- 
meter. Hic resin is then to be 
excited with a piece of dry 
fkir, and the instrument will be found to exhibit the fol- 
lowing phenomena : 

Upon raising tlie brass plate by its insulating handle, 
it will be found very feebly electrical ; replace it, touch 
it with the finger and again lift it off by its handle, and 
it will give a spark of positive electricity. Tliis pro* 
€xm may very often be repeated without fresh excitation, 
which circumstance, as well as tlie nature of the elec- 
trical charge, shows that the electricity of the moveable 
brass plate is not directly derived from the resin, but 
that it depends upon induction : tliis is more obvious by 
considering the upper plate, not as in contact with, but 
merely very near the resinous disc, whicfi from the 
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. minute irregularities upon its surface, is really the case 
the negative electricity, therefore, of the excited rcsiBi 
plate ia communicated from a few points of contact to 
the brass plate, upon its first apphcation, and then the 
latter is precisely in the state of a conductor opposed to, 
but not touching, an electrified surface, and consequently 
in due condition to he rendered electrical hy induction, 
when occasionally uninsulated hy the contact of the fitter. 
With this instrument, one phenomenon of induction 
may he shown, which cannot be so well exliibited by 
any other ; namely, the increased capacity for electricr^' 
of the conductor under tlie influence of induction. TTb 
brass plate, when placed upon the resin, may be regi 
as in a polar state ; the lower surface next the 
being positive, the upper surface being negatire. 
Upon touching tlie upper surface with the finger, it 
instantly acquires electricity, loses its polarity, and 
becomes positive, giving, upon removal, a positive 
spark to any conductor. That tlie quantity of dectridty 
received from the finger, or other source, is equivi 
to that given out, is shown by tJie following experimt 
Place the metallic upon the resinous plate, and tooci 
the former with the knob of a Leyden phial ; tfaa 
touch the cap of an electrometer with the knob of Ibe, 
phial, and it will give a certain negative divergence 
the leaves ; raise the plate and present the knob of 
jar to it, a spark will pass ; and upon applying tJie jars 
second time to the electrometer, tlie leaves will entirely 
collapse, showing tlie exact amiihilation of the foi 
negative, by the latter positive charge. 

When the electrophorus is placed upon an ii 
stand, its lower i>late is always found in an opposite 
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electrieal state to the upper one, so that in tbis^ respect 
it resembles die coatings of a Leyden jar. 

Hie dectrophorus may often be used for the same 
purposes as die electrical machine, and in the laboratory 
it fomisbes a very convenient substitute for that more 
ezprasive piece of apparatus. 

ISS. When an insulated surface is opposed to another 
whidi is not insulated, so as to be affected by it by induc- 
tion, the electricity communicated to the former suflbrs a 
singular increase of tension or intensity on breakiig the 
induction by removing the opposed uninsulated conductor ; 
fliis property is strikingly exhibited in tiie following expe- 
rimeiit : — ^Provide a brass plate, 3 or 4 inches in dianeter, 
and drop upon its lower surface three small sp3ts of 
sealing-wax ; place it upon a similar plate, formiBg the 
ciqi of the gold-leaf electrometer, from which it will be 
saparated about a twentieth of an inch by the threie small 
insulating legs of wax. Connect the upper plate widi the 
ground, by touching it, and give a very feeble electrical 
charge to the electrometer, so as scarcely perceptibly 
to diverge its leaves ; then suddenly remove the iq^r 
plate, by which the induction will be broken, and the 
tension of the electricity suddenly increased, so as to 
cause a very considerable divergence of the leaves. 

The plates employed in this experiment have been 
called condensers. They are 
■ometinies placed perpendicu- 
lariy, and the uninsulated plate 
a is supported by a wire and 
joint, so as to be brought as 
close as possibleto the insulated 
I^iate 6, without touching ; the 
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latter is in communication with the electrometer, and 
having received its charge, the moveable uninsulated 
plate is drawn back^ as in c, and the intensity of .the 
electricity displayed. 

Sometimes the condenser is directly 
attached to the electrometer, as shown 
in the annexed cut. — a, the insulated 
plate ; 6, the moveable plate in com* 
munication with the ground. 

Various attempts have been made 
so to combine electrical condensers, 
as to multiply their effect, and render 
very alight electrical changes suscep- 
tible af measurement and examination ; of this nature is 
the Electrical Multiplier, contrived by Mr. Cayallo, 
(Complete Treatise on Electridly , Vol. iii., p. 99 ;) Ao 
Doubters of Mr. Bennet and Mr. Nicholson, (PM. 
Tram. Ixxvii. and Ixxviii.) and Mr. Wilson's Daubk 
Multiplier, (Nicholson's Jouriud, ix ;) but the com- 
plexity of these instruments, as Mr. Singer has remarked, 
renders their results equivocal, and often has a tendency 
to produce the electrical states, independent of the io- 
tended source, or to change that originally commani' 
cated. 

133. Electricians generally employ the term qtumtibi 
to indicate the absolute quantity of electric power in mf 
body, and the term intensity to signify its power of pMP 
ing through a certain stratum of air or other ill -conduct* 
ing medium. 

If wc suppose a charged Leyden phial to fumidi 
a spark, when discharged, of one inch in lengtli, we 
should find that another uncharged Leyden phial, the 
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inner and outer coating of which were conununicated 
with those of the former, would, upon the same quantity 
of electricity being thrown in, reduce the length of the 
spark to half an inch ; here, the quantity of dectricity 
remaining the same, its intensity is diminished by one- 
half, by its distribution over the larger surface. 

I24f. It is obvious, that the extension of surface allud* 
ed to in the last paragraph, will be attended with a greater 
superficial exposure to the unelectrified air ; and hence 
it might be expected, that a similar diminution of inten- 
sity would result from the vicinity of the electrified sur- 
face to the ground, or to any other body of suflScient 
magnitude in its ordinary state. That this is the case, 
may be shown by diverging the leaves of the gold-leaf 
electrometer, and in that state approaching the instru- 
ment with an uninsulated plate, which, when within half 
an inch of the electrometer plate, will cause the leaves 
to collapse ; but on removing the uninsulated plate, they 
will again diverge, in consequence of the electricity 
regaining its former intensity. The same fact is shown 
by the condensing electrometer. 

135. The power of the Leyden jar is proportioned to 
its surface, but a very large jar is inconvenient and diffi- 
cult to procure ; the same end is attained by arranging 
several jars, so that by a communication existing between 
all their interior coatings, their exterior being also 
onited, they may be charged and discharged as one jar. 
Such a combination is called an electrical Battery^ and 
is useful for exhibiting the effect of accumulated elec- 
tricity. 

The discharge of the battery is attended by a con- 
siderable report, and if it be passed through small ani- 
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mals it instantly kills them ; if through fine metallic 
wires, they are ignited, melted, and burned ; and gun- 
powder, cotton sprinkled with powdered resin, and a 
variety of other combustibles, may be inflamed by the 
same means. 

126. There are many other sources of electricity 
than those just noticed. When glass is rubbed by 
mercury, it becomes electrified, and this is the cause of 
the luminous appearance observed when a barometer is 
agitated in a dark room, in which case flashes of light are 
seen to traverse the empty part of the tube. Even the 
friction of air upon glass is attended by electrical excit- 
ation : for Mr. Wilson found that by blowing upon a 
dry plate of glass with a pair of bellows, it acquired 
positive electricity. Whenever bodies change their 
forms, tlieir electrical states are also altered. Thus flie 
conversion of water into vapour, and the congelation of 
melted resins and sulphur, are processes in which elec* 
tricity is also rendered sensible. 

127. When an insulated plate of zinc is brought into 
contact with one of copper or silver, it is found, after 
removal, to be positively electrical, and the silver or 
copper is left in the opposite state. 

The most oxidizable metal is always positive, in 
relation to the least oxidizable metal, which is negative, 
and the more opposite the metals in these respects, the 
greater the electrical excitation ; and if the metals be 
placed in the following order, each will become positive 
by the contact of that which precedes it, and negative 
by the contact of that which follows it ; and the greatest 
effect will result from the contact of the most distant 
metals. 
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Platinum. 

Gold. 

Silver. 

Mercury. 

Copper. 

Iron. 

Tin. 

Lead. 

Zinc. 

If the nerve of a recently killed frog be attached to a 
silver probe, and a piece of zinc be brought into the 
* contact of the muscular parts of the animal, violent 
convulsions are produced every time the metals thus 
connected are made to touch each other ; exactly the 
same effect is produced by an electric spark, or the dis- 
charge of a very small Leyden phial. 

If a piece of zinc be placed upon the tongue, and a 
piece of silver under it, a peculiar sensation will be per- 
ceived every time the two metals are made to touch. 

128. In these cases the chemical properties of (he 
metals are observed to be affected. If a silver and a 
zinc wire be put into a wine glass full of dilute salphoric 
acid, the zinc wire only will evolve gas ; but upon bring- 
ing the two wires in contact with each other, the lihrer 
will also copiously produce air bubbles. . 

129. If a number of alternations be made of copper 
or silver leaf, zinc leaf, and thin paper, die electricity 
excited by the contact of the metals will be rendered 
evident to the common electrometer. — ^a represents a 
glass tube, in which are regularly arranged a number oi 
alternating plates of silver, zinc, and thin paper, formiwf? 
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DE Luc's electrical column. The metallic cap b is in 
contact witti the silver plate, and c with the zinc plate, 
at the respective extremities of the pile. Upon ex- 
amining the electrometers, it will be found that b ii 
negatively diverged, and c positively. 



130. If tlie same arrangement be made 
with the paper moistened with brine, or a 
weak acid, it will be found on bringing a wire 
communicating with the last copper plate 
into contact with the first ;dnc plate, that 
a spark is perceptible, and also a sli^t 
shock, provided tlie number of alternations 
be sufficiently numerous. This is the Vol- 
taic apparatus. 

131. Several modes of constructing this apparatm 
have been adopted, with a view to render it more conve- 
nient or active. Sometimes double plates of copper 
and zinc soldered together, are cemented into wooden 
troughs in regidar order, the intervening cells being 
fiHed with water, or saline or acid solutions. 
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132. Another form consists in arranging a row of 
glasses^ containing dilute sulphuric acid, in each of 
which is placed a wire or plate of silver or copper, and 
one of zinc, not touching each other, but so connected 
by metallic wires, that the zinc of the first cup may 
communicate with the copper of the second ; tlie zinc 
of the second with the copper of the third, and so on 
throughout the series, as represented in the annexed cuts. 

Fio. 1. 




Fig. 2. 




By applying the moistened fingers to the extreme wires 
p and N, a shock will be felt ; and on making a com- 
raonication between them by a wire, it will be found that 
tfce copper plates in Fig. 1, and the silver wires in Fig. 
2, instantly acquire tlie power of decomposing the dilute 
sulphuric acid, and that the chemical action of the zinc 
is much augmented. One advantage of this arrange- 
ment over the former (131) is, that both surfaces of the 
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metal arc exposed ; wheroas in the other, by soIderil| 
the plates together, its action is diminished. 

133. In the foilowiiig sketch, the trough a is mat 
of earthenware, witli partitions of the same material, a 
the metallic plates are attached to a bar of wood, 
ranged as in Fig. I, so that they can he immersetl s 




removed at one operation. The troughs arc filled vU 
dilute acid, and by uniting tlicm in regular order, A 
apparatus may be enlarged to any extent. This i* 
on the whole, tlic best form of tlie Voltaic instrumellf 
hitherto devised, and it is thus that the great appantof 
of tile Royal Institution is constructed. 

134. When from 500 to 1000 double plates are thai 
arranged and rendered active by immersion into a hqiB 
consisting of about sixty parts of water with one ( 
nitric and one of sulphuric acid, very brilliant effects « 
jwoduced when the opposite poles are properly unit* 
by conductors. Thus, if a piece of charcoal united wifl 
the negative wire be made to touch another pieceuwial 
with the positive wire, a bright spark and intense ignition 
ensue, and by slowly withdrawing the points from eaei 
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other, a constant current of electricity takes place 
through the heated air, producing a magnificent arc of 
intense light, in the form here represented. 




135. When tlie metals and other inflammable bodies 
are placed in this arc of fire they burn with great hriU 
liancy, and those which are most difficult of fusion give 
evidence of the intensity of the heat by instantly melting; 
and some earthy and other bodies infusible by ordinary 
methods are liquefied by the same means. The shock is 
painful and dangerous. When the communication be^ 
tween the points of charcoal is made in rarefied air, tlic 
annihilation of the opposite electricities takes place at some 
inches' distance, producing a stream of deep purple light. 

136* 'When the poles of the Voltaic apparatus are 
connected by a steel wire, it acquires magnetic pro- 
perties ; and if by a platinum or other metallic wire, 
Ifaat wire exhibits numerous magnetic poles, which at- 
tract and repel the common magnetic needle. This very 
curious fact was first observed by Professor Oersted, gf 
Copenhagen. 

137. On immersing the wires from the extremes of 
this apparatus into water, it is found that the fluid suf- 
fers decomposition, and that oxygen gas is liberated at 
the positive wire or pole, and hydrogen gas at the ne- 
gative pole. 

All other substances are decomposed with similar phae- 
nomena, the inflammable element being disengaged at 
the negatively electrical surface ; hence it would appear^ 

VOL. 1. T 
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upon the prmciple of similarly electrified bodies repel* 
ling each other, and dissimilarly electrified bodies at- 
tracting each other, (96) that the inherent or natural 
electrical state of the inflammable substances is positkt^ 
for they are attracted by the negative or oppositely elec- 
trified pole ; while the bodies, called supporters of com- 
bustion, or acidifying principles, are attracted bytiie 
positive pole, and, therefore, may be considered as pos- 
sessed of the negative power. 

138. When bodies are thus under the influence of 
electrical decomposition, tlieir usual chemical energiei 
are suspended, and some very curious pha&nomena are 
observed, which may be illustrated by the following 
experiments. 

Fill the glass tubes a a, 
which are closed at top and 
open at bottom, with infu- 
sion of violets, or red cab- 
bage, and invert them in the 
basins b b, containing a so- 
lution of Glauber's salt, and 
connected by the glass tube 
c, also containing the blue 
infusion, p and n are pla- 
tinum wires, which pass into 
the tubes nearly to the bottom, and which are to be con- 
nected witli the positive and negative extremities of the 
Voltaic apparatus. It will be found that oxygen is 
evolved at the wire p, and hydrogen at n, derived from 
the decomposition of the water. The Glauber's salt, 
which consists of sulphuric acid and soda, will also be 
decomposed ; and the blue liquor will be rendered re<lin 
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the positive vessel, by the accumulation of sulphuric acid, 
and green in the negative, by the soda, while the acid 
and alcali will each traverse the tube c without uniting, 
in consequence of being under the influence of electrical 
attraction. 

139. The most difficultly decomposable compounds 
may be tlius resolved into their component parts by the 
electrical agency ; by a weak power the proximate ele- 
ments are separated, and by a stronger power these are 
resolved into their ultimate constituents. (51). 

140. All bodies which exert powerful chemical agen- 
cies upon each other when freedom of motion is given to 
their particles, render each other oppositely electrical 
when acting as masses. Hence Sir II. Davy, tlie great 
and successful investigator of this branch of chemical 
philosophy, has supposed that electrical and chemical 
phaenomena, though in themselves^quite distinct, may be 
dependent upon one and the same power, acting in the 
former case upon masses of matter, in tlie other upon its 
particles. 

141. The power of the Voltaic apparatus to com- 
municate divergence to the electrometer, is most ob- 
served when it is well insulated and filled with pure 
water ; but its power of producing ignition and of giv- 
ing shocks, and of producing the other effects observed 
when its poles are connected, are much augmented by 
Che interposition of dilute acids, which act chemically 
upon one of the plates : here, the insulation is interfered 
with by the production of vapour, but the quantity of 
electricity is much increased, a circumstance which may, 
perhaps, be referred to the increase of the positive energy 

of the most oxidabic metal by the contact of the acid. 

T ? 
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In experiments made with the great liattery oF t 
Royal Institution, it has heen found that 120 plates « 
dered active by a mixture of one pavt of nitric acid s 
three of water, produced effects equal to \S0 plates « 
dered active by one part of nitric acid and fifteen 
water. 

142. In the Voltaic pile, the intensity of the elf 
tricity increases with the number of alternations, but t 
quantity is increased by extending the surface of ti 
plates. Thus, if a battery, composed of thirty pairs 
plates two inches square, be compared with anothi 
battery of thirty pairs of twelve inches square, char; 
in the same way, no difference will be perceived in thd 
effects upon bad or imperfect conductors ; their pow< 
of decomposing water and of giving shocks will he 
milar ; but upon good conductors the effects of the lai 
plates will he considerably greater than those of 
small: tJiey will ignite and fuse large quantities of pi 
tinum wire, and produce a very brilliant spark hetwecir 
charcoal points. The following experiment well illw- 
trates the different effects of quantity and intensity in die 
Voltaic apparatus. 

Immerse the platinum wires connected with the 
tremity of a charged battery composed of twelve-iodi 
plates into water, and it will be found that the evolution 
of gas is nearly the same as that occasioned by a similir 
number of two-inch plates. Apply the moistened 
gers to the wires, and the shock will be the same ts 
there were no connexion by the water. While tlie cir- 
cuit exists through the human body and the water, leti 
wire attached to a thin slip of charcoal be made to con- 
nect the poles of the battery, and the charcoal will ^^^ 
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come vividly ignited. The water and the animal sub- 
stance discharge the electricity of a surface probably not 
superior to their own surface of contact with the metals ; 
the wires discharge all the residual electricity of the 
plates ; and if a similar experiment be made on plates 
of an indi square, there will scarcely be any sensation 
when the hands are made to connect the ends of the bat- 
tery, a circuit being previously made through water ; and 
no spark, when charcoal is made the medium of con- 
nexion, imperfect conductors having been previously 
applied. 

These relative effects of quantity and intensity were 
admirably illustrated by the experiments instituted by 
Mr. Children, who constructed a battery, the plates of 
which were two feet eight inches wide, and six feet high. 
They were fastened to a beam suspended by counter- 
poises from the ceiling of his laboratory, so as to be 
eaisily immersed into or withdrawn from the cells of acid. 
The effects upon metallic wires and perfect conductors 
were extremely intense ; but upon imperfect conductors, 
such as the human body, and water, they were feeble. — 
PhU:Tran$., 1815, p. 363. 

1 43. When the extremes of a battery composed of 
large plates are united by wires of different metals, it is 
found that some are more easily ignited than others, a 
circamstance which has been referred to their conductiiig 
powers : thus, platinum is more easily ignited than aflver, 
and silver tiian zinc. K the ignition be supposed to 
result from resistance to the passage of electricity, we 
should say that the zinc conducted better than silver, 
and the silver than platinum. 

144*. An important improvement has been suggested 
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io the construction of the Voltaic apparatus by Dr. 
WoLLASTON, (Amuds of PhUosoph^, Sept, 1815,) bjr 
which great increase of qmntitjf is obtainecl without incMi- 
venient au^entation of the size of the plates : it con- 
sists in extending the copper plate, so as to oppose it 
to every surface of the zinc, as seen in the annexed cuL 
A is the rod of wood to which the plates are screwed ; 




BB the zinc plates connected as usual with the coppa 
plates CO, which are doubled over the zinc plates, and 
opposed to them upon all sides, contact of the surfaca 
being prevented by pieces of wood or cork placed 
at DD. 

With a single pair of plates of very small dimensioDi 
constructed upon this principle. Dr. Wollaston sue- 
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ceeded in fusing and igniting a fine platinum wire. From 
the experience which I have had of this construction, I 
am inclined to consider it the most (economical and use- 
ful form of the Voltaic apparatus ; certainly, at least, it 
is so for all those researches in which there is an occa- 
sional demand for quantity as well as intensity of elec- 
tricity. 

145. The theory of the Voltaic pile is involved in 
many difficulties. The origmal source of electricity 
appears to depend upon the contact of the metals, for 
we know that a plate of silver and a plate of zinc, or of 
any othen difficultly and easily oxidable metals, become 
negative and positive on contact. The accumulation 
must be referred to induction^ which takes place in the 
electeical column (139) through the very thin stratum of 
air or paper, and through water when that fluid is 
interposed between the plates. Accordingly we ob- 
serve that the apparatus is in the condition of the series 
of conductors with interposed air (1 12) and of the Liey- 
den phials (118). When the electric column is insulated 
the extremities exhibit feeble negative and positive 
powers, but if either extremity be connected with the 
ground, the electricity of its poles or extremities is 
greatly increased, as may be Aown by the increased 
divergence of the leaves of the electrometer which then 
ensues. 

146. As general changes in the form and constitu- 
tion of matter are connected with its electrical states, 
it is obvious that electricity must be continually active 
in nature. Its effects are exhibited on a magnificent 
scale in the thunder-storm, which results from the accu- 
mulation of electricity in the clouds, as was first ex- 
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Jicri mentally demonstrated by Dr. Franklin, who 
first showed the advantage of pointed conductors 
Safeguards to buildings. In these cases the conduci 
rod or rods should be of copper or iron, and from 
to three-fourths of an inch diameter. Its upper 
should be elevated tliree ov four feet above Uie hig 
part of the building, and all the metallic piu'ts of tte 
roof should be connected with the rod, which should be 
perfectly continuous throughout, and passing down Ibe 
Bide of the building, penetrate several feet below its foun- 
dation, so as always to be immersed in a moist stratum 
of soil, or if possible, into water. The leaden water- 
J)ipes attached to houses often might be made to answer 
the purpose of conductors, especially when thick enough 
to resist fusion. -> 

During a thunder-storm tlie safest situation is in n 
middle of a room, at a distance from the chimney, and 
standing upon a woollen rug, which is a nonconductor, 
" Blankets and feathers being nonconductors, bed is », 
'place of comparative safety, provided the bell-wires 
Hot too near, which are almost always melted in hot 
struck by lightning. When out of doors, it is d-ingeroos 
■ to take shelter under trees : the safest situation is within 
some yards of them, and upon the dryest spot that can 
be selected. 

The discharge of electricity in a thunder-storm is 
Sometimes only from cloud to cloud ; sometimes from 
the earth to the clouds ; and sometimes from the cloud* 
to the earth, as one or other may be positive or neg«- 
tive. When aqueous vapour is condensed, the clouA 
Formed ai'e usually more or less electrical ; and the earth 
below them being brought into an opposite slate, by 
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induction, a discharge takes place when the clouds ap- 
proach within a certain distance, constituting lightning ; 
and the undulation of the air, produced by the discharge, 
is the cause of thunder, which is more or less intense, 
and of longer or shorter duration, according to the 
quantity of air acted upon, and the distance of the place, 
where the report is heard from the point of the discharge. 
It may not be uninteresting to give a further illustration 
of this idea : electrical effects take place in no sensible 
time ; it has been found that a discharge through a cir- 
cuit of four miles is instantaneous ; but sound moves at 
the rate of about twelve miles in a minute. Now, sup- 
posing the lightning to pass through a space of some 
miles, ttie explosion will be first heard from the point of 
the air agitated, nearest to the spectator; it will gradually 
come from the more distant parts of the course of the 
dectricity, and last of all, will be heard from the ronote 
extremity ; and the different degrees of the agitation of 
the air, and likewise the difference of the distance, will 
account for the different intensities of the sound, and 
its iqiparent reverberations and changes. 

^* In a violent thunder-storm, when the sound instantly 
succeeds the flash, the persons who witness the circum- 
stance are in^ some danger ; when the interval is a quar- 
ter of a minute, they are secure.'* — Davy s EUemerUs, 
p. 139. 

147. A variety of electrical apparatus has been de- 
vised to illustrate the operation of conductors for light- 
ning, and the advantage of points over balls ; the simplest 
consists of a model of a house having a conductor with a 
break in it, in which some inflammable matter should 
be placed ; the lower end of the conductor should be 
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communicated with the exterior of a charged Leyden 
phial, the knob of which, brought over its upper end, 
will then represent a thunder-cloud. If the conductor be 
pointed, it will be slowly discharged ; if surmounted by 
a ball, there will be an explosion, and the combustibles 
probably inflamed. 

148. The coruscations of the aurat^a borealis are 
also probably electrical, and much resemble flashes of 
electric light traversing rarefied air. The toater-tpoii 
may be referred to the same source, and is probably tfas 
result of the operation of a weakly electrical cloud, at 
an inconsiderable elevation above the sea, brou^t into 
an opposite electrical state : and the attraction of the 
lower part of the cloud, for the surface of the water, 
may be the immediate cause of this extraordinary phe- 
nomenon. 

149. In* the gymnotus or electric eel, and in the far- 
pedo or electric ray^ are arrangements, given to tbott 
remarkable animals for the purposes of defence, which 
certain forms of the Voltaic apparatus much resemble, 
for they consist of many alternations of different sub- 
stances. These electrical organs ai*c much more abun- 
dantly supplied with nerves than any other part of the 
animal, and the too frequent use of them is succeeded 
by debility and death. — Todd, PAi/. Trans., 1817. 

That arrangements of different organic substances are 
capable of producing electrical effects, has been shown by 
various experimentalists. If tlie hind legs of a frog be 
placed upon a glass plate, and the crural nerve dissected 
out of one made to communicate with the other, it will 
be found, upon making occasional contacts with the re- , 
maining crural nerve, that the limbs of the animal will 
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be agitated at each contact. These circumstances have 
induced some physiologists to suppose that electricity 
may be concerned in some of the most recondite phas- 
nomena of vitality, and Dr. Wollaston, Sir E. Home, 
and myself, have made some experiments tending to 
confer probability on this idea. — Phil. Trans., 1809. 

150. We have as yet no plausible hypothesis con- 
cerning the cause of electrical phenomena, though the 
subject has engaged the attention of the most eminent 
philosophers of Europe. They have been by some re- 
ferred to the presence of a peculiar fluid existing in all 
matter, and exhibiting itself by the appearances which 
have been described, whenever its equiUbrium is dis- 
turbed, presenting negative and positive electricity 
when deficient and when redundant. Others have plan* 
sibly argued for the presence of two fluids, distinct 
froni each other. Others have considered the efiects as 
referable to peculiar exertions of the attractive powers 
of matter, and have regarded the existence of any dis- 
tinct fluid or form of matter to be as unnecessary to the 
e:q>Iaiiation of the phsenomena, as it is in the question 
concerning the cause of gravitation. 

151. When the flame of a candle is placed between 
a positive and negative surface, it is urged towards the 
latter ; a circumstance which has been explained upon 
the supposition of a current of electrical matter passing 
from the positive to the negative pole ; indeed, it has 
been conndered as demonstrating thei existence of such 
a current of matter. But if the flame of phosphorus 
be substituted for that of a candle, it takes an opposite 
direction ; and, instead of being attracted towards the 
negative, it bends to the positive surface. It has been 
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shown that inflammable bodies are always attracted I 
negative surfaces, ami acid bodies, and those in whi 
the supporters of combustion prevail, are attracted 1 
positive surfaces (137). Hence the flame of the cai 
throwing off carbon, is directed to the negative pol 
while that of phosphorus forming acid matter 
the positive, consistently with the ordinary laws of eld 
trochemical attraction, — Phil. Tram., 18H. 

152. There are other experiments opposed to ti 

. idea that electricity is a material substance. If we di»- " 
charge a Leyden phial through a quire of paper, the 
perforation is equally burred upon both sides, and not 
upon the negative side only, as would have been tbe 
case if any material body had gone through in that 
direction. The power seems to Iiave come from tbe 
centre of the paper, as if one-half of the quire had 
been attracted by the positive, ami the other by the 
negative surface. 

153. When a jjointed metallic wire is preseiUcd 
towards the conductor of the electrical machine, in a 
darkened room, a star of light is observed when tbe 
conductor is positive, but a brush of light when it i» 
negative ; a circumstance which has been referred to 
the reception of the electric fluid in the one case, and 
its escape in the other. In the Voltaic discharge the 
same appearances are evident upon the charcoal point, 
rays appearing to diverge from the negative conductor, 
while upon the positive a spot of bright lig^t is per- 
ceptible. But these aflections of light can scarcely i 
considered as indicating the emission or reception i 
any specific form of matter. 
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CHAPTER II. 

OP RADIANT OR IMPONDERABLE MATTER. 

154*. Op the substances belonging to our globe, some 
are of so subtile a nature as to require miiiute and de- 
licate inrestigation to demonstrate their existence ; they 
can neither be confined, nor submitted to the usual modes 
of examination, and are known only in their states of 
motion as acting upon our senses, or as producing 
dianges in the more gross forms of matter. They 
ha?e been included under the general term of Radiant 
or Imponderable Ethereal Matter, whidi, as it pro- 
duces different phenomena, must be considered as differ- 
ing either in its nature or affections. Respecting the na- 
ture of these phaenomena, two opinions have been enter- 
tained, and each ably supported. It has been supposed 
by Huygens and Descartes, that they arise from vibra- 
tions of a rare elastic medium which fills space ; while 
Newton has considered them as resulting from emana- 
tions of particles of matter. 

The other forms of matter are tangible and pondera- 
ble, and, therefore, easily susceptible of accurate exami- 
nation ; they may be considered as resulting from the 
mutual agencies of heat and attraction, and are com- 
prehended under the three classes of Solids, Liquids, 
and Gases. 
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Section I. Of the Effects of Radiant Matter m 
producing the Phwnomena of Vision. 

155. The minute investigation of those laws ofligbt 
which relate to its motion, and effects in producing 
vision, constitutes a branch of the science of Optics, 
and therefore belongs to Mechanical Philosophy ; it is, 
however, requisite that some of them should partially 
be considered as bearing upon important questions of 
chemical inquiry. 

The phenomena of vision are produced either by 
bodies inherently luminous, such as the sun, the fixed 
stars, and incandescent substances ; or they are referabfe 
to the reflection of light from the surfaces of bodies. 
It is thus that the objects around us are visible by r^ 
fleeting the sun's rays in the day-time, but become lost is 
obscurity when that luminary sinks beneath the horizon. 

156. The manner in which the eye is aflfected by 
luminous bodies shows that light is transmitted in ri^ 
lines, and every right line drawn from a luminous body 
to the eye is termed a ray of light, and as a congeries of 
rays possesses the same properties as the single ray, tbc 
same abstract term is frequently employed to designate 
the congeries. 

157. The discoveries of Roemer, (Phil. Trawf., 
Vol. xii.) and of Bradley, (Phil. Traits. j Vol. xxxv. 
and xlv.) have shown that light is about eight minotes 
and thirteen seconds in passing from the sun to the 
earth, so that it may be considered as moving at the 
rate of 200,000 miles in a second. 
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158. Some bodies intercept light, or are opaque : 
others allow its transmission; or are transparent ; and 
there are gradations from perfect opacity to nearly per- 
fect transparency. It is probable that opacity results 
from the attraction of the substance for light, and not 
from its density, for it can scarcely be supposed that 
the particles of bodies should not be far enough distant 
to allow of the passage of light. Newton supposes the 
particles of transparent bodies to be of uniform density 
and arrangement, and attracting the ray of light equally 
in every direction, they suffer it to pass through them 
without obstruction; whereas, in opaque bodies, the 
particles are either of unequal density or itregularly 
arranged, and the light being unequally attracted, can- 
not therefore penetrate the body. 

159. When a ray of light passes through the same 
medium, or when it passes perpendicularly from one 
transparent medium into another, it continues to move 
without changing its direction ; but, when it passes 
obliquely from one medium into another of a different 
density, it is thrown more or less out of its old direction, 
and is said to be refracted. The refraction is towards 
the perpendicular when the ray passes into a denser 
medium, and /rom the perpendicular when it passes into 
a TZfei medium. The medium in which the rays of 
light are caused to approach nearest to the line per- 
pendicular to its surface, is said to have the greatest 
refractive density. 

160. The density of bodies is by no means the only 
circumstance that affects their refractive power, it also 
depends upon their chemical nature ; and generally 
speaking, those substances have the greatest refractive 
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power which are combustible, or which contain an in- 
flammable basis : the refractive power of compouncLi is 
not the mean deduced from that of their components ; 
which, however, it generally is in mere mixtures. Hie 
following table exhibits the refractive powers of several 
gaseous and solid bodies, from the experiments of Biot 
and Arago, and from Newton's Optics : 

Atmospheric air 1 .00000 

Oxv^en 0.86161 

Nitrogen 1.03408 

Hydrogen 6.61436 

Ammonia •• «• 2.16851 

Carbonic acid , 1.00476 

Carburetted hydrogen 2.09270 

Muriatic acid gas 1.19625 

Muriatic ether, in gaseous state • • • • 1.71344 

Water ., 1.7225 

Alcohol 2.2223 

Oliveoil 2.7684 

Diamond , 3.1961 

Gum Arabic 1.8826 

161. When the rays of light arrive at the surfacei 
of bodies, a part of them, and sometimes nearly the 
whole, is thrown back, or reflected, and the more ob- 
liquely the light falls upon the surface, the greater in 
general is the reflected portion. In these ca^es the 
angle of reflection is always equal tp the angle of inci- 
dence. 

Let a a represent pencils of light falling upon the 
surface of a polished piece of glass b, the perpendicular 
pencil will pass on in a straight line to d. Of the oblique 
pencil, one portion will enter the glass and suffer 
refraction towards the perpendicular as at 6, and 
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re-entering the abnospbere, it will bend from the per- 
pendicakur, and re-assume its former direction, as at c. 
Anoth^ portion of the oblique pencil will be reflected 
at an angle equal to that of its incidence, as at e. 




162. When a ray of li^t passes throu^ an oblique 
angular crystalline body, it exhibits peculiar phaenomena ; 
one portion is refracted in the ordinary way ; another 
sofiers extraordinary refraction, in a plane parallel to 
tiie diagonal joining the two obtuse angles of the crystal ; 
so that objects seen through the crystal appear double. 
Transparent rtiomboids of carbonate of lime, or Iceland 
crystal, exhibit this phenomenon of double refracHan 
particularly distinct. 

Ifa ray of light, which has thus sufiered double re- 
firaction, be received by another crystal, placed parallel 
to the first, there will be no new division of the rays ; 
but, if it be placed in a transverse direction, that part of 
the ray which before suffered ordinary refraction will now 

VOL. I. u 
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undergo extraordinary refraction, and reciprocally that 
which underwent extraordinary r^raction now suffers 
ordinary refraction. 

If the second crystal be turned gradually round in the 
same plane, when it has made a quarter of a revolution 
there will be four divisions of the ray, and they will be 
reduced to two in the half of the revolution ; so that the 
refracting power appears to depend upon some relation 
of the position of the crystalline particles. 

163. When light is reflected from bodies, it retaim, 
under many circumstances, its former relations to the re- 
fractive power of transparent media ; but, in certain cases, 
at angles differing for difierent substances, the reflected 
rays exhibit peculiar properties, analogous to those 
which have suffered extraordinary refraction. Thus, if 
the flame of a taper reflected at an angle of 52° 45' from 
the surface of water, be viewed through a piece of doabiy 
refracting spar, one of the images will vanish every time 
that the crystal makes a quarter of a revolution. 

164. When a ray of light is made to fall uponi 
polished glass surface, at an angle of incidence of 35° 25, 
the angle of reflection will be equal to that of incid^ice. 
Let us suppose another plate of glass so placed that 
the reflected ray will fall upon it at the same angle of 
35^ 25' ; tliis second plate may be turned round its axis 
without varying the angle which it makes with the ray 
that falls upon it. A very curious circumstance is ob- 
served as this second glass is turned round. Suppose 
the two planes of reflection to be parallel to each other, 
in that case the ray of light is reflected from the second 
glass in tlie same manner as from the first. Let the 
second glass be now turned round a quadrant of a 
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circle, so as to make the reflecting planes perpendicular 
to each other: now, the whole of the ray will pass 
through the second glass, and none of it will be reflected. 
Turn the second glass round another quadrant of a circle, 
80 as to make the reflecting planes again parallel, and 
the ray will again be reflected. When the second glass 
h turned round, three quadrants, the light will be again 
transmitted, and none of it reflected. Thus, when the 
reflecting planes are parallel, the light is reflected, but 
when they are perpendicular the light is transmitted. 
This experiment proves, that, under certain circum* 
stances, light can penetrate through glass when in one 
position, but not in another. This curious fact was first 
observed by Malus, who accounted for it by supposing 
the particles of light to have assumed a particular po- 
sition, as a needle does when under the influence of a 
magnet, and hence he called this property of light, its 
Polarisation. (Thomson's System, Vol. i. p. 16.) It 
has since been studied with laborious diligence by Dr. 
Brewster, and by M. M. Arago and Biot,— PAtf. Trans. 
181S, 1814, 1815, 1816, 1817.— Annales dc Chimie^ 
torn. 94. — Traitedc Physiqite. 

165. If plates of mica, and certain other crystallizsed 
substances, be placed between the glasses employed iu 
the above experiments, so that the reflected rays mttj- 
traverse them in passing from one surface to the other, it 
win be found that, under certain circumstances, thv 
image of the candle will remain visible ; in other words. 
the light will be depolarised in passing tlirougli tk^t- 
cr>'stallized medium. Common glass is general»v mo,, 
pable of depolarising the ray, but it acquires tlu^ <^^r^- 
Umsing power when submitted to pressure, o^ ^"^ '^ 

u 2 
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or when it has been heated and very suddenly cooled ; 
the influence of its particles upon those of light becom- 
ing then analogous to crystallized bodies. 

166. That a sunbeam, in passing throu^ a dense 
medium, and especially through a triangular prism ai 
glass, gives rise to a series of brilliant tints similar to 
those of the rainbow, was known in the earliest ages, 
but it required the sagacity of Newton to develop the 
cause of the phenomenon. He proved, that li^it conrists 
of rays difiering from, each other in their relative refiran- 
gibilities ; and, guided by their colour, considered their 
number as seven: red, orange, yellow, green, blue, 
indigo, and violet. If the prismatic colours, or spec- 
trum^ be divided into 360 equal parts, the red rays wiD 
occupy 45 of these parts, the orange S7, the yellow 48> 
the green 60, the blue 60, tlie indigo 40, and the violet 
80. Of these rays, the red being least refrangible, fiB 
nearest that spot which they would have passed to, had 
they not been refracted ; while the violet rays being 
most refrangible, are thrown to the greatest distance; 
the intermediate rays possess mean degrees of refiran- 
gibility. 

167. These differently -coloured rays are not suscep- 
tible of further decomposition, by any number of refrac- 
tions, but when they are collected into a focus they re-pro- 
duce white light. Upon these phaBUomena is founded the 
Newtonian theory of colours ^ which supposes them to 
depend upon the absorption of all rays, excepting those 
of the colour observed. Thus green bodies reflect the 
green rays and absorb the others. All the rays are 
reflected by white bodies, and absorbed by those which 
are black. 
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Section II. Of the Operation of Radiant Matter in 

producing Heat. 

168. If a solar beam be refracted by a prism, and 
the coloured image received upon a sheet of paper, it 
will be found, on moving the hand gently throu^ it, 
diat fliere is an evident increase of temperature towards 
the red ray. This fact seems to have been first noticed 
by Dr. Hutton (Dissertation on Light and Heat, p. 39 ;) 
but it is to Dr. Herschel {PhU. Trans. 1800,) that we 
are indebted for a full investigation of the subject. If 
the coloured rays be throvm successively upon delicate 
thermometers, it will be found, that if the heating power 
of the violet rays be considered = 16, that of the green 
rays will be = 26, and of the red = 55. These cir- 
cumstances suggested the possibility of the heating 
power of <he spectrum extending beyond the red ray ; 
and on applying a thermometer just out of the red ray, 
and beyond the limits of the visible spectrum, this was 
found to be the case. A thermometer in the red ray 
rose 7° in ten minutes, but just beyond the red ray the 
rise was = 9°. It is evident, therefore, that, indepen- 
dent of the illuminating rays, there are others which 
produce increase of temperature, and these from their 
increase towards the red ray, and from the £pot which 
tbey principally occupy in the refracted congeries, are 
possessed of less refrangibility than the visible rays. 

Dr. Herschel's experiments were repeated, with nearly 
nmilar results, by Sir H. Englefield. in 1802, and by 
Mr. Berard, in 1813 (Thomson's Annals, ii, 163,) 
who found the maximum of heat to exist just at th^ exr 
^emity of the red ray. 
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169. That these calorific rays are susceptible of 
refraction aQ4 reflectioD, is proved by the iqteiise beat 
produced when the solar rays are concentrated into a 
focus by a lens, or by a concave mirror. 

170. The radiant matter, emitted by terrestrial 
bodies at high temperatures, agrees in many of its pro- 
perties with that constituting the solar rays, but in others 
it presents apparent peculiarities: the investigation 
of this subject constitutes a beautiful department of phi- 
losophic inquiry. — History of Chemistry^ p. 164. 

The effect we perceive in approaching a fire diiefly 
results from radiation, and is little connected with the im- 
mediate conducting power of tiie air ; and if a concave 
metallic mirror be held opposite the fire, a heating and 
luminous focus will be obtained. The affections of ter- 
restrial radiant matter are best demonstrated by employ- 
ing two concave mirrors of planished tin or plated cop- 
per, placed at a distance of about ten feet asunder. 
(PicTET, Essais de Physique.) Under these circum- 
stances, when a thermometer is in the focus of one of 
the mirrors, it will be found sensible to the effects of a 
heated body placed in the focus of the opposed mirror ; 
and that the effect is produced by reflection, and not by 
mere direct radiation, is proved, either by drawing the 
thermometer out of the focus towards the opposed mirror, 
or by placing a screen between the thermometer and its 
mirror, when diminution of temperature is in either case 
indicated. In these experiments the differential thermo- 
meter (66) is most advantageously employed, and the 
mirrors may bo placed opposite each other on the ground, 
or vertically suspended as in the woodcut, where a a 
represent the mirrors, b a pan of hot charcoal, c an 
air thermometer. 
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171. If the flame of a candle be placed 
focus of one mirror, a heating and luminoua focus 
tained from the other : hut if a plate of glass be now 
interposed between the two mirrors, the rays of heat are 
arrested, white those of li^t, freely passing through the 
glass, are collected, as usual, in the opposite focus, 
has hence been concluded that there is a difference 
tween solar and terrestrial heat ; the rays of the former] 
passing through glass without heating it ; while the ra] 
of the latter are stopped by glass, and it becomes hot 
when opposed to them. — (Scheele's ErperiinenU on 
Air and Fire.) But the rays of burning bodies may in 
many instances be shown to pass through glass wil 
great facility ; thus, a bright gas tlame affords a heatji 
as well as a luminous focus, when its rays arc cone 
trated by a double convex lens, upon the bulb of an 
thermometer. — Brande, Phil. Trans. 1820. p. 27, 

172. In these experiments upon the radiation 
terrestrial heat, the temperature excited by the radi) 
matter appears always relative to that of the heated 
radiating body ; and if we assume that all bodies 
constantly throwing off radiant matter, the effects 
temperature which it produces when condensed or 
lected into a focus by a concave mirror, will bear 
relation to the source ; for tlie particles may be col 
ceivedto move with such velocity as not to be affecl 
by circumjacent bodies, or by the circumambient air. 
Thus, white-hot iron produces a greater effect upon the 
focal thermometer than that which is only red-hot, and, 
red-hot iron causes a greater effect than hot water ; 
body of the same temperature as the thermometer a 
no change in it ; but cold bodies produce an eflect 
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coId» because the particles which they radiate, when 
stopped by impinging upon the thermometer*bulb, are of 
a lower temperature. 

173. Radiation has by some been accounted for 
upon the idea of the heated body producing undulations 
in tile air, something analogous to the waves excited by 
sonorous bodies ; but the different phenomena of pris- 
matic refraction and of solar and terrestrial radiation are 
not satisfactorily explained upon such an hypothesis. 

Newton endeavoured to explain the different refran- 
gibility of the rays of light, by supposing them composed 
of particles of different sizes ; and adopting this hypothe- 
sis^ we should say, that the particles of red light were 
lai^esty tiiose of violet light smallest. The heating rays 
(168) would consist of particles yet larger than those 
prodneing colour ; and the smallest particles, or most 
attenuated radiant matter, would be that which produces 
certain chemical changes (180.) — (Newton's Optics.) 
Upon this h]^thesis, too, it would appear that the 
particles of terrestrial heat are of so large a size as to be 
partially arrested in their progress by glass and other 
transparent bodies which allow a free passage to solar 
radiant matter. 

Newton has also put the query, ** whether light and 
common matter are not convertible into each other?*' 
And, if we consider sensible heat in bodies to depend 
upon vibrations of their particles, a certain intensity of 
vibrations may send off particles into free space ; and 
particles moving rapidly in right lines, may, in losing 
their own motion, communicate a vibratory motion to 
the particles of terrestrial bodies. — Davt's Elements, 
p. 215. 
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174. Radiation goes on in all clastic media, and 
in tlic Torricellian and air-pump vacuum, as may be 
shown by igniting charcoal by means of the Voltaic 
battery, placed in the focus of a 
small mirror confined in the ex- 
hausted receiver of the air-pump. 
Sir H. Davy found thatthe receiver 
being exhausted to -j-|^, the eflfect 
upon the thermometer in the op- 
posite focus was nearly three times ^ 
as great as when the air was in its 
natural state of condensation, a 
is tiie receiver, b b the insulated 
wires connected with the voltaic 
apparatus igniting the charcoal in 
the focus of the upper mirror c. 
In the focus of the lower mirror d 
is the thermometer e. 

175. It has long been known, in regard to solar 
rays, that their heating effect depends much upon (be 
colour of the surfaces upon which they impinge, and that 
black and dark bodies are more heated than those which 
are white or of light tintf?, circumstances dependent upon 
absorption and reflection. 

Professor Leslie has shown that the phasnomena of 
terrestrial radiation are connected with the nature af 
tlic radiating surface ; and that those surfaces which are 
the best radiators of this heat, are also gifted with the 
greatest absorbing power. — Leslie on Heat. 

Unmctallic and unpolished surfaces are the best ra- 
diators, and also the best receivers of radiant heat: 
while polished metallic substances are the worst radiators. 
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and have the lowest absorbing powers. In the experi- 
ments with the metallic mirrors, the whole nearly of 
the heat is reflected, and the mirror itself does not be- 
come warm : but if it be coated with aiqr unpolished, 
and especially unmetallic coating, as with paper, or 
paint, the reflection is then scarcely perceptible, and 
the mirror becomes hot from the absorption of the ra* 
diant matter. 

In Professor Leslie's experim^its it was found, that 
a clean metallic surfoce produced an efiect = 12 upon 
die thermometer. When covered with a thin coat of 
glue, its radiating power was so fieur increaied as to 
produce an effect = 80 ; and, on covering it with lamp- 
black, it became = 100. 

In these cases of radiation, die colour of the surface 
does not interfere, and the diffinrent effects must be re- 
ferred to the mecbaiiical structure of the radiating sur- 
fiice. White paper and lamp-black produce nearly flie 
same effects ; and paper, coloured blue, red, yeUow, and 
green, does not differ in radiating power from that which 
is white, provided the colour produces no diange of 
texture in the paper. 

176. The connexion of the receptive with the 
radiating power is made obvious by coating the bulbs 
of thermometers with different substances. Thus, the 
effect of radiant heat upon a thermometer bulb covered 
with a thin coating of lamp-black being = 100 ; when 
tbe bulb is covered with silver-leaf the effect is only =r 
12. M. M. Dulong and Petit, in their valuable Memoir 
oil Heat, which gained the prize-medal of the Academy 
of Sciences for 1 8 1 8, have detailed a variety of important 
facts U|)on the subject of the radiation of surfaces. 
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177. Upon the principle of the absorption of the 
solar rays by blackened surfaces, Mr. Leslie has con- 
structed a photometer. It is merely a very delicate and 
small differential thermometer, enclosed in a thin and 
pellucid glass tube. One of the bulbs is of black gla88» 
which, when the instrument is suddenly exposed to lights 
becoming warmer than the clear bulb, indicates the 
effect by the depression of the fluid. (Leslie an Hea(, 
p. 4<24i.) A differential thermometer containing the 
vapour of ether, may also, in certain experiments, be 
advantageously used as a Photometric Thennometerl 
— Brande, Phil. Tram. 1820. 

178. It is obvious, from the above-mentioned facts, 
that all vessels intended to retain heat, should be clean 
and metallic, for polished metallic surfaces have very low 
radiating powers ; whereas those vessels which are either 
to receive, or to radiate, should be blackened upon their 
surfaces. The knowledge of these properties is econo- 
mically applicable in a variety of cases. 
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Section III. Of the Influence of Radiant Matter in 

producing Chemical Clmnges. 

179. Radiant matter possesses considerable in- 
fluence over the chemical energies of bodies. If a mix- 
ture of equal volumes of the gases called chlorine and hy- 
drogen be exposed in a dark room, they slowly combine, 
and produce muriatic acid gas ; but, if exposed to the 
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direct rays of the sun, the combination is very rs^id, 
and often accompanied by an explosion. 

Chlorine and carbonic oxide have scarcely any ten- 
dency to combine, even at high temperatures, when 
li^t is excluded, but exposed to the solar rays they enter 
into chemical union. Chlorine has little action upon 
water, unless exposed to li^t ; and, in that case, the 
water, which consists of oxygen and hydrogen, is de-' 
composed. The hydrogen unites with the chlorine to 
produce muriatic acid, and the oxygen is evolved in a 
gaseous form. 

180. These, and numerous other similar cases which 
mi^ be adduced, show that radiant matter influences the 
chemical energies of bodies, independent of its heating 
powers. Scheele {Eixperiments an Air and Fire, p. 78, 
Sfc.) was the first who entered upon this curious investi- 
gation ; and many important facts connected with it have 
been more lately ascertained by Ritter, Wollaston, and 
Davy. Scheele threw the prismatic spectrum upon a 
sheet of paper, moistened with a solution of nitrate of 
silver, a salt quickly decomposed by the agency of 
light. Li the blue and violet rays the silver was soon 
reduced, producing a blackness upon the paper, but 
in the red ray scarcely any similar effect was observed. 
Wollaston and Ritter discovered that these chemical 
changes were most rapidly effected in the space which 
bounds the violet ray, and which is out of the visible 
spectrum. 

181. It has been thus ascertained, that the solar 
beams are refrangible into three distinct kinds of rays ; 
the calorific, or heating rays ; the luminous, or colorific 
rays, which produce vision and colour ; the decomposing 
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rays, or those which have a tendency to interfere with 
the chemical constitution of bodies. 

In the prismatic spectrum these three sets of rays are 
imperfectly separated, and arranged according to tfadr 
respective refrangibilities. The heating rays are the 
least refrangible, the colorific rays are possessed of more 
refrangibility, and the decomposing, or, as some have 
caHed them, the deoxidizing raysj are the most re- 
frangible. 

182. Sir H. Davy has observed^ that certain me- 
tallic oxides, when exposed to the violet extremity of 
the prismatic spectrum, undergo a change similar to that 
which would have been produced by exposure to a cur- 
rent of hydrogen ; and that, when exposed to the red 
rays, tiliey acquire a tendency to absorb oxygen. (Ele- 
ments of Chemical PhUosophy.) In such general facts, 
he traces an analogy between the effects of ttie solar 
beam, and the agencies of electricity. In the Voltaic 
circuit, the maximum of heat is at the positive pole, 
where the power of combining with oxygen is also given 
to bodies ; the agency of rendering bodies inflammable 
is exerted at the opposite surface ; and similar chemical 
effects are produced by negative electricity, and by the 
most refrangible rays ; and by positive electricity, and 
the rays which are least refrangible. 

183. It has been asserted by Morichini, and the 
experiment is said to have succeeded in other hands, that 
tlie prismatic spectrum is capable of exciting the mag- 
netic influence, and that a needle exposed to the violet 
rays acquires polarity : this would point out a further 
analogy between the agencies of light and electricity. 
(136.) 
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184*. In nature the influence of the solar nys is 
very complex, and the growth, colour, flavour, and even 
the forms of many vegetables, are much dependent upon 
diein. This is seen in many plants which are protected 
from the son's rays ; celery and endive are tbns cultivated 
witli the view of rendering them palatable ; and plants 
which are made to grow in a room imperfectly illumi- 
nated, always bend towards the apertures by which the 
8tm*s rays enter. The changes too which vegetables 
effect upon the circumambient atmosphere are influenced 
by the same cause. 

In the animal creation, brilliancy of colour and gaudy 
plumage belong to the tropical climates ; more sombrous 
tints distinguish the polar inhabitants ; and dull colours 
characterize nocturnal animals, and those who chiefly 
abide below the surface. 



Section IV. Of the Phcenomtiia exhibited by Lu- 
minous and Incandescent Bodies^ and of the Nature 
and Properties of Flame. 

185. There are many substances which, when 
heated to a certain point, become luminous without 
undergoing combustion, and such bodies arc said to be 
phosphorescent. The temperatures which fliey require 
for this purpose are various ; it generally commences at 
about 400^, and may be said to terminate at the lowest 
visible redness. Some varieties of phosphate of lime, 
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of fluor spar, of bituminous carbonate of lime, of marble, 
and sand, and ccrt;iin salts, are the most remarkable 
bodies of this description. (Wedgwood, PhU. Tram. 
Vol. 82.) Their luminous property may be best exhi- 
bited by scattering them in coarse powder upon an iroft- 
plate heated nearly to redness. Oil, wax, spermaci 
and butter, when nearly boiling, are also luminous. 

186. Another class of phosphorescent bodies have 
been termed solar phosphori, from becoming luminous 
when removed into a dark room after having been ex- 
posed to the sunshine. Of this description are Canton's. 
Baldwin's, and the Bolognian phosphorus. Canton's 
phosphorus is ])reparcd thus : — Calcine oyster-shells in 
the open fire for half an hour, then select the whitest and 
largest pieces and mix them with one third their wei^t 
of flowers of sulphur, pack tiie mixture closely into t 
covered crucible, and heat it to redness for an b< 
When the whole has cooled, select the whitest pieces 
use.— Phil. Trans. Vol. 38. 

Baldwin's phosphonis is prepared by heating nitrate 
of lime to a dull red heat, so as to form it into a com- 
pact mass ; and the Bolognian phosphorus, discovered 
by Vincenzio Cascariolo, a shoemaker, of Bologna, is 
made by reducing compact sulphate of baryta to a fine 
powder, which is formed into cakes with mucilage, 
these are heated to redness. — Aikin's Dictionary, 
Phospkori. 

Mr. B. Wilson has also made a variety of curious ex- 
periments on solar phosphori ; and, he has discovered 
the simplest and most effectual of these bodies, which 
may be obtained by closely observing the following di- 
rections : — Take the most flaming coals oil' a brisk 
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and throw in some thick oyster-shells ; then replace the 
coals, and calcine them for an hour ; remove them care- 
fully, and, when cold, it will be fomid that after exposing 
them for a few minutes to the li^t, they will glow in 
the dark with most of the prismatic colours. — ^Wilsoh 
on Phosphni^ p. 20. 

187. A third set of bodies, belonging to this class, 
are those which are spontmi&omljf phosphorescent. Such 
are especially, the flesh of salt-water fish just before it 
putrefies, and decayed wood. The glow-worm^ and the 
lanUrn^jf^ are also luminous when alive ; and the hun- 
dredrlcgged worm, and some others, shine brilliantly 
when irritated. 

It appears from the experiments of Canton and of 
Dr. Hulme, {Phil. Tram. Vols. lix. xc. and xci.) tliat 
sea-fish become luminous in about twelve hours after 
death, that it increases till putrefaction is evident, and 
that it then decreases. Immersion in sea-water does not 
affect this luminous matter, on the contrary, the brine is 
itself rendered luminous ; but it is extinguished by pure 
water, and by a variety of substances which act chemi* 
cally upon the animal matter. 

188. Percussion and friction are often attended by 
the evolution of light, as when flint pebbles, pieces of 
sugar, and other substances, are struck or rubbed tOr 
gether. 

189. From experiments in which air has been in- 
tensely heated, it has been concluded that gaseous mat- 
ter is incapable of becoming luminous ; for, though the 
temperature of air be such as to render solid bodies 
white hot, it does not itself become visible. ( Weogwood, 
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Phil. Trans. 171^.) Flame, however, may, in general, 
be regarded as luminous gaseous matter. Hydrog^ 
gas, probably, furnishes the purest form of flamei which 
can be exhibited ; for the flames of bodies whidi emit 
much light, derive that power from solid matter which if 
intensely ignited and diffused through them, and whicb, 
in ordinary flames, as of gas, tallow, wax, oil, j^c, con- 
sists of finely divided charcoal. 

190. Tlie intensity of the heat of flames which are 
but little luminous, as of hydrogen gas, spirit of wine, ^, 
may be shown by introducing into them some fine platiniDi 
wire, which is instantly rendered white hot in those paid 
where the combustion is most perfect. It is even intemdy 
Ignited in the current of air above the flame, as may be 
riiown by holding a piece of platinum-wire over the chim- 
ney of an Argand lamp fed with spirit of wine ; the higb 
temperature of this current is also exhibited by the com- 
mon expedient of li ghting paper by holding it in the healed 
air which rushes out of a common lamp-glass. 

191. The high temperature of flame is fiirther proved 
by certain cases of combustion without flame. Thus, if t 
heated wire of platinum be introduced into any inflam- 
mable or explosive mixture, it will become ignited^ and 
continue so till the gas is consumed ; but inflammatm 
will, in most cases, only take place when the wire be- 
comes white hot. This experiment is easily made by 
pouring a small quantity of ether into the bottom of t 
beer-glass, and holding a piece of heated platinum wire 
a little above its surface ; the wire becomes red hot, bat 
does not inflame the vapour of the ether till it acquires 
an intense white heat 
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The same fact is exhibited by 
putting a small coil of platinum wire 
round the wick of a spirit lamp, 
which, when heated, becomes red hot, 
and continues so, as long as the va- 
pour of the spirit is supplied, the heat 
never becoming sufficiently intense to 
produce its inflammation. 

192. Such being the nature of flame, it is obvious, 
that if we cool it by any means, wc must at the same time 
exHngimh it. This may be eflected by causing it to pass 
through fine wire gauze, which is an excellent conductor 
and radiator of heat, and consequently possessed of great 
cooling power. If a piece of fine brass or iron wire- 
gauze be brought down upon the flame of a candle, or 
what answers better, upon an inflamed jet of coal gas, it 
will, as it were, cut the flame in half. That the cooled 
gaseous matter passes through, may be shown by again 
lifting it upon the upper surface. 

193. The power, therefore, of a metallic tissue thus 
to extinguish flame, will depend upon the heat required to 
produce the combustion, as compared with that acquired 
by the tissue ; and the flame of the most inflammable 
substances, and of those that produce most heat in com- 
bustion, will pass tlirough a metallic tissue that will in- 
terrupt the flame of less inflammable substances, or those 
that produce little heat in combustion ; so that difierent 
flames will pass through at diflerent degrees of tempe- 
rature. 

194. The discovery of these facts, respecting the 
nature and properties of flame, led Sir H. Davy to apply 
them to the construction of the Miners^ ^f^f^ty lampj which 
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will be explained under the article Carburctted hydrogen 

gas. 

195. The phsenomena exhibited by phosphorescent 
and incandescent bodies, and in the process of conii 
bastion, have sometimes been explained upon the idea 
that the light and heat evolved, were previously in com- 
bination with the substances, and that they are after- 
wards merely emitted, in consequence of decomposition; 
and that the solar phosphori absorb light and again give 
it out unchanged. But it appears more probai>le that 
any particles violently repelled into space may become, 
radiant matter, than that it should consist of a spe- 
cific substance : thus, mechanical action, and cheknical 
changes, may each tend to the emission of radiam 
matter ; and incandescence will result when the vibrationiL 
which heat occasions among the particles of bodies an^ 
of such violence as to cause their repulsion into space. 
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CHAPTER III. 



OF THE SIMPLE SUPPORTERS OF COMBUSTION. 



196!. ^HE substances belonging to this class are 
characterized by possessing very energetic powers of 
combination in respect to the simple inflammable bodies, 
and they are each of them capable of producing acids, 
whence they may also be termed acidifying principles. 
Wheta their compounds are submitted to electro-chemical 
decomposition, these elements are attracted by the posi- 
tive surface ; hence their natural or inherent electrical' 
states may be considered as negative. 

These acidifying, electro-negative supporters of com- 
bustion, are three in number : 

1. Oxygen. 

2. Chlorine. 

3. Iodine. 

197. The following examples will serve to giVe some^ 
idea of the principles of nomenclature generally adoptiied 
inchemistry. The above bodies in entering into combi-' 
nation with each other, and with the bodies described in 
Chapters IV and V. , produce two classes of compounds. 
Those which are not acid, are usually distinguished by 
the termination ide, as oxide of chlorine, oxide of nitrogen^* 
€hhride of sulphur, iodide of iron^ S^c. ; and where more 
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than one compound of this kind is produced, the termi- 
nations ous and ic are used to designate the relative pro- 
portions of the supporters of combustion. Thus nitro- 
gen forms two oxides ; that containing the smallest pro- 
portion of oxygen is the nitrous oxide, that containii^ 
the largest the 7iitric oxide. The acid compounds are 
similarly designated, as nitrous and Tutric acid; mi- 
phurous and stdphuric acid ; and where there are inter- 
mediate compounds the term hypo is occasionally added 
to the acid next above it in point of oxidizement. Thus, 
hyposulphuric acid signifies an acid compound interme- 
diate between the sulphurous and sulphuric acids ; ^po- 
phosphorous acid, an acid containing less oxygen tfaiD 
the phosphorous acid. 

The diflerent combinations of the metals with oij- 
gen, are perhaps best distinguished by prefixing to 
the word oxide the first syllable of the Greek ordiml 
numerals, as originally proposed by Dr. ThomsML 
Thus the protoxide of a metal will denote the compound 
containing a minimum of oxygen, or the first oxide 
which the metal is capable of forming ; deutoxide will 
denote the second oxide of a metal, ^c. ; and when a 
metal is combined with the largest possible quantity of 
oxygen, the compound, if not acid, may be called per- 
oxide. The same rule applies to the chlorides and iodides. 

The acids terminating in ous produce compounds in 
which the termination Ue is used ; while tt^ose ending in 
ic form compounds in which the endii!ig ate is used. 
Thus the combination of sulphurous acid and potassa, is 
f^ sulphite of potassa ; that of sulphivic acid and potan 
a sulphate of potassa, ^c. 

When ilie same acid combines with more than one 
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oxide c^ the same metal, the first syllable of the Greek 
ordinal numeral is in that case applied to the acid : thus, 
the pratondphate and persulphate of iron, signify the 
combinations of sulphuric acid with the protoxide and 
peroxide of iron. The term oxy sulphate is occasionally 
used to designate the latter compound, and in the same 
sense we speak of oxytdtrates, axy phosphates, ^c, but the 
former mode of designation is less equivocal. 

The compounds of the simple inflammable bodies de- 
scribed in Chapter IV., with each other, and witii tliose 
in Chapter V., are commonly designated by the termi- 
nation firef , as sulphuret of phosphorus, phasphuret of 
carbon, carburet of iron, ^c. 

The terms In sulphuret, bi sulphate, hi phasphuret, hi 
phosphate, ^c., applied to compounds, imply that they 
contain twice the quantity of sulphur, sulphuric acid, 
phosphorus or phosphoric acid, existing in the respective 
sulphuret, sulphate, phosphuret, and phosphate. 



Section I. Of Oxygen. 

198. This elementary gaseous body may be ob- 
tained by heating to redness, in a glass retort, the salt 
called chlorate of potassa (546) 100 grains of which yield 
about 100 cubical indies; it may be collected over 
water in the hydro-pneumatic apparatus. It is also 
given off from black oxide of manganese, red oxide of 
lead, and nitre, when exposed to a red heat. 
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19D, Common glass, or earthen-ware retorts, are 
used in tfiese, and a variety of other chemical open- 
tions ; or, where a red heat is required, they may he made 
of wrought iron, either in the same form, or in that of a 
hottle, tube, or other convenient shape. 

200. The hydro-pneumatic apparatus consists of aja- 
panned iron or copper vessel, of different shape and size 
accordingto the particular purposes forwhich it isinteodcd, 
and containing a shelf perforated with holes through 
which the gas may pass into inverted vessels properly 
placed for its reception. In this wood>cut, a is the hydro- 
pneumatic trough ; B B, inverted glasses for the rec«p* 
lion of gas; c, a wrought iron tube placed in a pan of 
charcoal for the evolution of gases requiring a red heat ; 
D, a retort heated by the spirit lamp E. 




aOl . For experiments, in which larger vessels arc 
employed for collecting or transferring gases, tlic annexed 
form of tlic apparatus is moat convenient. 
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903. Vessels of various forms are employed for re- 
ceiving, retaining, and measuring, gases. Where it is in- 
tended to introduce different substances into the gas, (hey 
may be of the form represented in figure 1, drawn into a 
neck with a glass-stopper at top, and open at bottouL 
Some of these should be graduated into cubic inches, and 
supplied with a stop-cock, as in figure 2. For measuring 
small quantities of gases, tubes are employed, some of 
which should be divided into 100 equal parts, others into 
tenths and hundredths of a cubical inch. Figures 3, 4. 
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203. Where large quantities of gases are required 
to be collected and preserved, we employ gasholders and 
gasometers. The annexed cut represents Mr, Pepys's im- 
proved gasholder, made of japanned iron, or what is pre- 
ferable, of copper. It consists 
of a body or reservoir a, which 
may hold from two to six or 
eight gallons, b, is a cistern 
from which issue two tubes, 
supplied with stop-cocks, one 
entering the reservoir at its 
upper part; the other con- 
tinued, as shown by the dotted 
lines to near the bottom, c, is 
a short tube issuing from the 
bottom of the reservoir, and 
capable of being accurately 

closed by a screw, d, is a glass tube communicating at 
both ends with the body of the gasholder. When it is 
intended to fill this apparatus with gas, the tube c is 
closed, and tlie stop-cocks, c /, arc opened ; water is 
then poured into the cistern, which running down tlie 
long tube e, forces the air out through tlio diorter one/ 
The reservoir being thus filled, the stop-cocks are closed, 
and the aperture c, is opened, into which the beak of the 
retort, or tube, whence the gas issues, is introduced, and 
bubbUng up, displaces the water which runs out at the 
same opening. When it is seen in the tube d, that nearly 
the whole of the water is displaced, the aperture is 
closed^ and the vessel is now filled with gas, which may 
either be drawn off into receivers, placed in the cistern b, 
by opening tlie two stop-cocks e / ; or by cIosiD|^ the 
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fltop-cock /, aud opening g, it may be ^opelled into 
bladders, or transferred in any convenient way by an 
attached tube. 

A view and section of tbe goAMnefer are shown in tiic 
following sketches : 
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it may be made of japanned iron or copper, a a, 
is tbe outer circular vessel, or pail, to the sides of 
wUdi the tubes, d t, (each fitted with a itop-cock 
evtcraally) are soldered. The tube d penetrates at 
te bottom of tbe pail, and proceeds to the centre, 
where it joins the tubc^ t, which enters tbe top of the 
pail and proceeds downwards ; and from the place of 
jnncUou, the upri^ tube g rises through the middle of 
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the pail a little above the level of its upper rim. The' 
vessel & is a cylinder open only at the bottom, and of 
less diameter than the pail into which it is inverted, and^ 
can move up and down freely. This cylinder has a solid 
stem c, which passes through a hole in the cross bar erf* 
the frame fixed to the top of the pail ; it serves to steady 
tlie cylinder, and to indicate the quantity of the enclosed 
gas : the weight of the cylinder is counterpoised in any 
convenient way. 

To use this gasometer, first let the cylinder fall to the 
bottom of the pail, and fill the latter witli water ; then 
shut the cock e, and open d, and connect with it the tube 
which conveys the gas from the retort or other vessel ; or, 
if more convenient, shut d, and convey the gas through 
e. The gas rises and gradually lifts up the cylincto, 
which must be properly balanced ; and when sufficiently 
Klled, tlie cock, by which it entered, must be closed. The 
gas may now be drawn off at either of tlie stop-cocks, by 
a tube passing into the water-trough, or it may be pro- 
pelled through a blow -pipe, or otherwise employed. 

201<. Oxygen gas is insipid, colourless, and in- 
odorous; its specific gravity is 15, hydrogen being 
assumed = 1. 100 cubical inches at mean temperature 
and pressure weigh 33.75 grains. 

305. It is a powerful supporter of respiration and 
combustion. A small animal, confined in oxygen gas, lives 
thrice as long as when confined in the same bulk of com- 
mon air. A lighted taper, or a burning piece of sulphur, 
or phosphorus, introduced into this gas, is very rapidly 
consumed, with intense ignition. 

306. The phaenomena of combustion were referred 
by Stalil and his associates, to a peculiar principle whict 



THEORY OP COMBUSTION. 317 

they called phlogiston ; it was supposed to exist in all 
combustibles, and combustion was said to depend upon 
its separation; but this explanation was absurdly at 
variance with die well-known fact, that bodies during 
combustion increase in weight. 

After the discovery of oxygen gas, it was adopted by 
Lavoisier as the universal supporter of combustion. 
The basis of the gas was supposed to unite to the com- 
bustible, and the heat and light which it before contained 
in the gaseous state, were said to be evolved in the form 
of flame. But in this case, several requisites are not 
fulfilled; the light depends upon the combustible, and 
not upon the quantity of oxygen consumed ; and there 
are very numerous instances of combustion in which 
oxygen, instead of being solidified, becomes gaseous 
during the operation ; and, lastly, in others, no oxygen 
whatever is present. Combustion, therefore, cannot be 
regarded as dependent upon any peculiar principle or 
form of matter, but must be considered as a general re- 
sult of intense chemical action. It may be connected 
with the electrical energies of bodies; for all bodies 
which powerfully act upon each other, are in the oppo- 
site electrical states of positive and negative ; and the 
evolution of heat and light may depend upon the annihi- 
lation of these opposite states, which happens whenever 
they combine. — Sec the Prefatory History of Chemutry, 
pp. 59 and 183. 
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Section II. Of Chlorine. 

207. To obtain this gas, a mixture of black oxide 
of manganese and muriatic acid may be heated over a 
lamp in a glass retort. It is soon copiously evolved, and 
may be conveniently collected over warm water ; it » 
absorbed by cold water, and cannot therefore be long 
retained over that fluid. 

It may also be procured from a mixture of 8 parfi 
of common salt, 3 of black oxide of manganese, 4 of 
water, and 5 of sulphuric acid. 

208. Chlorine was discovered by Scheele in 1774; 
it was called by him dephlogisticakd muriatic acid. Hie 
term oxy muriatic acid was afterwards applied to it by 
the French chemists. 

209. Chlorine is a permanently elastic gaseous 
fluid ; it has a pungent and disagreeable smell, and is 
highly injurious when respired, even largely diluted with 
atmospheric air. Its colour is greenish yellow. 

210. When dry, it suffers no change by exposure to 
the most intense cold, but in its ordinary state it contains 
aqueous vapour, which, at a temperature of 32°, is de- 
posited in the form of a white crystalline compound, 
\thich effervesces, and is again taken up by the gitf, 
upon the application of heat. 

211. Chlorine is not altered by exposure to very 
high temperatures. By means of the following apparatus, 
Sir H. Davy exposed it to tlie continued action of 
charcoal intensely ignited by Voltaic electricity, with- 
out the smallest change in its properties. 
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A glass globe, of about four inches' diameter, has at 
its upper part a sliding wire passing 
air-tight through a ground collar, to 
tibe lower end of which is attached 
a piece of well-burned charcoal : at 
bottom is a stop-cock supporting a 
brass pincers, in which is another 
pointed piece of charcoal; the globe 
is exhausted upon the air-pump, filled 
with chlorine, and the stopcock and 
sliding wire attached to the extremities 
of the Voltaic apparatus ; the charcoal points are then 
brought into contact by pushing down the upper wire, 
and they are thus retained as long as necessary in 
intense ignition. 

212. The specific gravity of chlorine, compared 
with hydrogen, is as 33.5 to 1 ; 100 cubic inches 
weigh 75.375 grains. 

213. At the temperature of 60^, water dissolves two 
Yolumes of chlorine. The solution is of a pale yellow 
colour, has an astringent nauseous taste, and destroys 
vegetable colours : hence its use in bleaching ; thougli 
the gas itself, when perfectly free from moisture, has 
scarcely any action upon them. 

214. When a burning taper is immersed in a jar of 
chlorine, the brilliancy of the flame is much impaired, it 
becomes red, throws off much charcoal, and is soon 
extinguished. 

Many bodies, such as phospliorus and several of 
the metals, are spontaneously ignited by chlorine, and 
bum in it with much brilliancy. In these cases, binary 



320 OXIDE OP CHLORINE. 

compounds result, some of which, like those of oxy- 
gen, are possessed of acid properties : others are not 
acid: and such compounds with oxygen being called 
oxides, those which chlorine forms may be termed 
clilorides. 

215. Chlorine was once regarded as composed of 
oxygen and muriatic acid ; a fallacy arising from the 
presence of water, and which will be rendered more intel^- 
ligible under the head Muriatic Add. 

216. Chlorine and oxygen unite in three pro- 
portions, forming an oxide and two acids. 

217. Osdde of Chlorine, or Eucldorine, so called 
by its discoverer. Sir H. Davy (Phil. Trans. 1815,) 
from its very deep colour, may be obtained as fol- 
lows: Upon 10 or 12 grains of chlorate of potassa, 
drop a small quantity of sulphuric acid^ and stir the 
mixture with a platinum knife, having so adjusted the 
relative quantities of salt and acid that they may form 
together a yellow powder. Put this into a very small 
retort or bent tube, and by means of a water-bath, 
apply a temperature of 150^. Oxide of chlorine will 
pass off, and may be collected over quicksilver in small 
jars or tubes. 

218. Those gases which are absorbed by water, 
may, in most instances, be collected over mercury. Tlie 
best form of the Mercurio-pneiwuttic apparatus, is that 
contrived by Mr. Newman, {Quarterly Journal, Vol. i, 
p. 185.) It is a trough of cast-iron, supported by 
brass or iron legs, and having a small gasometer at 
one eml. It is placed in a japanned iron-tray to collect 
the scattered mercury, as shown in the wood-cut. 
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S19. Oxide of chlorine has an odour somewhat re- 
sembling that of chlorine, but much less irritatiiig and 
disagree^le. Its taste is astringent, and not at all acid. 
It dissolves in water, forming a lemon-yellow solution. 

^0. When oxide of chlorine is gently heated, it is 
decomposed with explosion and expansion ; two Tohmies 
are eolai^ed into three, of which two consist of oxygen, 
and one of chlorine ; it is therefore composed of 33.5parte 
by wei^ of chlorine, combined with 30 of oxygen*. 

' Hie gu, ong;iiially called Eucklorine by Sir H. Davy, appears 
to be a mixture of chlorine with the compound above described, and 
not a definite compound of two rolumes of chlorine and one vo- 
lume of oxygen. Should it, howerer, upon more accurate inquiry, 
prore a definite combination, it might be tenned cJUcntwi oxide, aiid 
the above compound would then be cMonc oxide. 
TOL. I. r 
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221. Chloric acid. In tlic compound which has 
been thus called by its discoverer M. Gay-Lussac 
(Annates de Chimit, torn. xci. p. 108,) the relative pro- 
portions of chlorine to oxygen are to each other as 33.5 
to 37.5 ; but it is a compound which cannot exist, in- 
dependent of water or some base, and, therefore, may 
be compared to tlie sulphuric and some other acids, 
afterwards to be described. 

Chloric acid may be prepared by passing a cmrent 
of chlorine through a mixture of oxide of silver and 
water. Chloride of silver is produced, which is inso- 
luble, and may be separated by filtration. The excess 
of chlorine, which the filtered liquor contains, is se- 
parable by heat, and tlie chloric acid dissolved in 
water remains. It is a sour, colourless liquid, produc- 
ing peculiar compounds, afterwards to be described. It 
forms no precipitate in any metallic solution. The 
compounds may be called chlorates. The most remark- 
able of tliem have been long known under the name of 
Oxymuriates. 

222. Perchloric or oxy chloric acid^ is procured by 
distilling oxychlorate o(potassa (SIT) with its own weight 
of sulphuric acid. It consists of 33 5 chlorine + 52.5 
oxygen. It does not exist independent of water, or a 
base, and has been but imperfectly examined. 

The proper terms for the above acids of chlorine 
would be CfUorous and Chloric acids, the former pro- 
ducing Chlorites and the latter Chlorates. 
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Section III. Oflodhie. 

223. Iodine is procured by the following process : 
Lixiviate powdered kdp with cold water. Evaporate 
the lixivium till a pellicle forms, and set aside to crystal- 
lize. Evaporate the mother liquor to dryness, and pour 
upon the mass half its weight of sulphuric acid. Apply 
a {gentle heat to this mixture in the flask a of the alemlnc 
shown in the annexed figure, of which 6 is the head or 
capital, having a tube issuing from it, and descending 
into the receiver c. Fumes of a violet colour arise and 




condense in the form of opaque crystals, havii^ a me- 
tallic lustre, which are to be washed out of the head of 
flie alembic with a small quantity of water, and quickly 

dried upon bibulous paper. 

Iodine may likewise be obtained from soap-makers' 
black ash by a similar process ; instead of evaporating 

Y2 
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the mother liquor to dryness, the quantity of iodine is 
sometimes greater when it is merely concentrated, 
mixed with excess of sulphuric acid, boiled, and filtered: 
the liquid is then mixed with its weight of powdered 
black oxide of manganese, and heated in an alembic, or 
flask with a tube attached to its neck, when the iodine 
sublimes as before. 

This body was discovered in 1812, by M. Courtois, 
of Paris. Vauquelin (Annales de Chime, torn, xc,) 
Gay-Lussac (ib. xc.,) and Davy (PAi/. Trans. 1814,) 
have fully investigated its properties. 

Iodine has a bluish black colour ; its lustre is metallic. 
It is a nonconductor of electricity. It is soft sOid 
friable. Its specific gravity •=, 4.916. It produces a 
yellow stain upon the skin. Its smell resembles that of 
diluted chlorine ; its taste is acrid. It is extremely voli- 
tile, and, at a temperature between 60° and SOP, produces 
a violet vapour. At 120° or 130° it rises more rapidly. 
At 220° it fuses, and produces copious violet-coloured 
fumes, which condense in brilliant plates, and acute 
octoedrons. Like chlorine and oxygen, it is electro- 
negative ; and therefore attracted by the positive sur- 
face of the Voltaic pile. It renders vegetable colours 
yellow. It is very sparingly soluble in water, that 
liquid not holding more than yoVo ^ts weight in solutioa 
The colour of tlie solution is yellow. It is much more 
soluble in spirit of wine, and in ether. 

224. Iodine combines with oxygen and with chlo- 
rine, and gives rise to two acid compounds, which haTC 
been called lodic^ or Oxiodic^ and Chloriodic acid. 

Iodic acid (DavYj Phil. Trans. 1815.) This compound 
of oxygen and iodine cannot be obtained directly, for 
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those bodiesexert do mutoal actioD. It is procured by 
adiDgupoDoxideofchloriDeby iodiDe. For this purpose 
the iodioe amy be introduced into asmall flask, and the 
oxide of chlorine disengaged iqpon it, from a proper mix- 
ture of chlorate of potassa and sulphuric acid with the 
precantiont above pointed out (217,) or 100 grains of 
chlorate of potassa may be intr o<lnced into a small retort, 
with400grains of liquid muriatic acid of the sp. gr. 1.105 : 
annex to the retort a smaD globular receiver, having a 
benttnbe issuing from it, and passing to the bottom of 
a small flask, containing about 50 grains of iodine ; 
carefiilly apply the heat of a lamp to the retort, by 
whidi oxide of chlorine will be disengaged, and which 
win be decomposed and absorbed by the iodine. A 
compound is then formed, which consists of chloriodic 
and oxiodic acids. The former is separable by a gentle 
heat, the latter remains as a white, semitransparcnt, sour, 
and inodorous body, very soluble in water. It consists 
of 117.7 iodine, 37.5 oxgen. 

225. Chloriodic acid is easily obtained by the direct 
action of chlorine uiK>n iodine. They unite and form 
crystals of a deep orange colour, deliquescent, and easily 
fusible and soluble. The solution is sour. This com- 
pound contains 117.7 iodine, 33.5 chlorine. — Davy, 
PhU. Trans. 1814. 

It appears probable from the experiments of M. Gay- 
Lussac, that another diloride of iodine exists, in which 
2 proportionals of iodine are united to 1 of chlorine ; 
but these compounds have not yet been examined with 
suffici^it precision, to enable us to speak certainly ujion 
their composition. 
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CHAPTER IV. 



OF SIMPLE ACIDIFIA&LE AND INI'LAMMADLE SUBSTANCES 

223. The bodies belonging to this class are clot 
tro-positive, and consequently, when separated from tJ 
combinations with the substances described in the I 
chapter, by Voltaic electricity, they are attracted bytl 
negative surface. With very few exceptions, they coa 
bine with the three supporters of combustion, alreax 
described, and of tliese compounds, one or more a 
ucids. They are six in number : 
Hydrogen. 

2. Nitrogen. 

3. Sulphur. 
■I'. Phosphorus. 
->. Carbon. 
6. Boron. 
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into the flask a, and covered with sul- 
phurie acid diluted with six times its 
bulk of water. The gas escapes by 
the bent tube b, which is inserted by 
grinding into the neck of the flask, and 
may be colledfed in the hydro-pneu- 
matic apparatus. 

Hydrogen is an aeriform fluid, not absorbable by 
water. It has no taste, a sli^tly disagreeable smell, 
and may be respired for a short time, though it is in- 
stantly fatal to small animals. It is the lightest body 
known ; and we therefore conveniently assume it as 
unity in speaking of the specific gravity of gases, as well 
as in referring to the proportions in which bodies com- 
bine. 100 cubic inches weigh at mean temperature and 
pressure 2.25 grains. 

228. Hydrogen is inflammable, and extinguishes 
flame. When pure, it bums quietly with a lambent blue 
flame at the surface in contact with air ; but, if mixed 
with thrice its volume of air, it bums rapidly, and with 
detonation. In making this experiment, a strong phial, 
capable of holding about 6 ounces of water, may be 
employed ; or the inflammable air-pistol, which admits of 
the mixture being flred by the electric spark. 

This instrament consists of a cylinder of brass, about 
three-fourths of an inch diameter, and six inches long, in 
the form of a small cannon or pistol-barrel, properly 
mounted, and having a wire, a, passing through a tube of 
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ivory, i, and not quite touching tlic interior of the cylinderi 
at the part usually occupied by tlie touch-hole ; iin clcctrje 
spark communicated to tliis wire inflames the mixtun 
of hydrogen tmd atmospheric air in its interior. It ma] 
he charged by previously filling it witii dry sand, an^ 
emptying it out into a phial of hydrogwi, which rise* 
into the gun sufficiently mixed witli air ; the muzzle may 
he secured by a cork, which is expelled with much vio- 
lence and a loud report, upon the inilammation of the gas. 
229. The electrical air-gun may be also charged, 
by holding it for a moment over tlie open jet of thft 
following instrument, always taking care that there is m 
due admixture of atmosjihcric air. otherwise tlic clectrio: 
spark will not inflame it. 

« isa funnel-shaped vessel, fitting 
by a ground-joint into the tlircc- 
iiecked bottle b ; to tlic stopper c is 
annexed a brass wire, with a cylin- 
> der of zinc screwed upon its lower 
I end ; d is a tube funiishedwith a stop- 
1 cock and jet-pipe ; the capacity of tlie 
I vessel a sliould be nearly equivalent to 
tliat of i, and maycontain3or4'pints. 
, To charge this apparatus with hydro- 
gen, b is three-fourths filled with water, and iJie stopper c 
being removed, a quantity of sulphuric acid, previously 
diluted with its bulk of water, is ]iourcd in by a iongfuiincl, 
so that it may remain at tlic bottom of tlic water whicb 
now fills tlie vessel. The stopper t, with iU appended 
piece of zinc, is then put in, and the generated hydrogen 
forces the dilute acid into a, where its pressure serves to 
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opened ; the acid, at the same time descendiiig, pro- 
diieea a fresh portion of hydrogen by again acting upon 
the zinc. This instnunent is useful where small quan- 
tities of hydrogen are required for burning, charging 
air-guns, and other purposes. 

230. If 2 volumes of hydrogen and 1 of oxygen be 
burned in the phial or air gun, the explosion is extremely 
violent 

231. A current of hydrogen may be inflamed 
when issumg from a small aperture, and if a 
lube of 18 or 20 inches in length be held over 
the flame, a peculiar musical tone is produced. 
This effect is not peculiar to hydrogen, but 
is produced by a variety of other flames 
(Faraday, Journal of Science and the Aria, 
Vol. V.) and is referable to the succession 
of explosions produced by the combustion 
of the gas in the tube. 

232. The tendency which gaseous fluids 
have to become completely mixed under all cir- 
cumstances, and as it were to penetrate each 
other, is well illustrated where hydrogen is em* 
ployed. Thus, if two small phials, the one con- 
taining oxygen and the other hydrogen, be con- 
nected perpendicularly by a long glass tube, of 
small bore, it will be found, that although the hydrogen be 
uppermost, and much lighter than the oxygen, it will, in 
the course of a few hours, have perfectly mixed with 
die oxygen, and the gases will be found in equal propor- 
tions in both phials. Mr. Dalton has shown that gases, 
unlike other fluids, do not remain upon each other witliout 
admixture. — Manchesler Memoirs, Vol. i. New Series. 
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233. Hydrogen, in consequence of its extreme 
lightness, is employed for filling air-balloons, and is ele- 
gantly applied to the purpose of obtaining instantaneous 
li^t in Volta's inflammable air-lamp. 

234. The flame of hydrogen is occasionally employed 
for exciting intense heat ; and it has been found, when 
mixed with oxygen and burned as the mixture issues from 
a small jet, to excite a temperature nearly equal to that 
of the arc of flame in the Voltaic circuit. A blow^pe 
upon this construction was first made by Mr. Newman, 
at the suggestion of Mr. Brooks, and afterwards 
improved, as to its safety, by Professor Cumming, of 
Cambridge. — Journal of Science and the Arts, i. 65. 
and ii. 380. 

235. Hydrogen and Oxygen. — When two Tobunes 
of hydrogen gas are mixed with one volume of oxygen 
gas, and the mixture inflamed in a proper apparatus by 
the electric spark, the gases totally disappear, and the 
interior of the vessel is covered with drops of pure water, 
equal in weiglit to that of the gases consumed. 

If pure water be exposed to the action of Voltaic 
electricity, it is resolved into two volumes of hydrogen, 
disengaged at the negative pole, and one volume of 
oxygen, disengaged at the positive pole ; so that water 
is thus proved by synthesis, and by analysis, to consist of 
two volumes of hydrogen, combined with one volume of 
oxygen. The specific gravity of hydrogen compared 
with oxygen, is as I to 15 ; therefore the component 
parts of water by weight are, 

I Hydrogen. 
7.5 Oxygen. 

Representative number of water = 8.5 
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or thus, 



Hydrogen. 
1. 


Oxygen. 
7.5 





Watei 
8.5 



So that 100 parts of water consist of 

88.24 Oxygen. 
11.76 Hydrogen. 

236. The experiments illustrating the composition 
of water, may be divided into synthetic and analytic. 
Among these the following may be selected : 

i. Bum a current of hydrogen under the funnel a, repre- 
sented in the following wood-cut; by uniting with the 




oxygen of the atmosphere it will produce aqueous vapour, 
which passing into the glass cylinder, b, will condense in 
drops. 
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ii. The annexed wood-cut represents an apparatus Tor 
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diowing the prodaction ot water by burning a current of 
hydrogen in an atmosphere of oxygen, a is a glass 
cylinder, which, after having been exhausted upon an air- 
pump, is filled with pure oxygen, b is a receiver of hy- 
drogen immersed in the vessel of water c, by which the 
gas is compressed, so as to be urged through the capil- 
lary opening p, when the stop-cocks d d are open, e is 
a platinum wire by which the gas may be inflamed by 
an electric spark. It bums with the production of 
intense heat, and water is soon collected 
in drops upon the interior of the cylin- ^ 

der. ^ 

iii. If two measures of pure hydrogen 
be mixed with one of pure oxygen, and 
detonated in the graduated glass tube a, 
standing over water, by an electric spark 
passed through the platinum wires b 6, 
the gases will entirely disappear. If 
there be any excess of either of the gases, 
the portion in excess will remain uncoil 
sumed. 

iv. The same experiment may be thus varied, a is a 
very strong and thick glass vessel provided with a glass 
stop-cock E, and with a ground stopper firmly secured 
by the wire c, through whieh the platinum wires o d 
pass* The vessel a being exhausted of air, is placed 
upon the bell-glass b, in the pneumatic trough, contain* 
ing a mixture of pure oxygen and hydrogen in the 
above-mentioned proportions (335), Upon opening the 
stop-cock E, a quantity of the mixed gases passes into 
A, where, after having carefully closed the stop-cock, it 
may be inflamed by an electric spark passed throu^ the^ 
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platinum wires. At the instant of the detonation a 
vivid flame pervades the upper vessel, and it becomes 
lined with moisture. If the stop-cock be again opened 
a fresh portion of the mixed gases enters, and may be 
inflamed as before. 

237. Water may be decomposed or resolved into 
its elements by a variety of processes, the most import- 
ant of which are the following : 

i. a is a glass retort, into which is introduced a given 
weight of water; b b vl small furnace through which 
passes the earthen tube c c, which terminates in the 
spiral pewter tube d d, inunersed in water. A given 
weight of pure iron wire, coiled up, is introduced into 
the tube c, and the whole made red hot ; the water in a 
is then made to boil, and the vapour, on coming into 
contact with the red-hot iron, is in part decomposed ; 
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the oxygen is retained by the iron» and the hydrogen 
escaping throu^ the tube/, may be collected as usual. 
Any decomposed portion of water is condensed in the 
worm-pipe d, and drops into the vessel e. After this 
experiment the iron will be found to have increased in 
weight; and if attention be paid to the quantity of 
water which has collected in e, and to the weight of the 
hydrogen gas evolved, it will be found that the weight 
gained by the iron, added to that of the hydrogen, will 
be equal to the weight of the water which has disap- 
peared. Lavoisier concluded, from an experiment thus 
conducted, that water consisted of 85 per cent, by weight 
of oxygen, and 15 by weight of hydrogen ; that is, that 
for every 15 grains of hydrogen evolved, 85 grains of 
oxygen were condensed by the iron. 




11. Decomposition by Voltaic electricity ( 137) best illus- 
trates tiie composition of water, since it exhibits both the 
oxygen and hydrogen in the gaseous form. The wood- 
cut overleaf represents a section of an apparatus for this 
purpose. It is a glass vessd contaimng water, having 
two wires of platinum, a a, passing through its bottom : 
over these are inverted the tubes b b, also filled with 
waier. The wires are rendered positive and negative 
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by connexion with a moileratcly-powerfiil Voltaic appa- 
ratus. Oxygen is evolved at the positive wire, and 
hydrogen at the negative wire, which gases rise into 
the tubes, and it is seen that one volume of oxygen, o, 
and two volumes of hydrogen, A, are the constant results. 
If these gases be mixed and detonated, pure water is 
again formed. 



— : ....A 




238. Water, in its ordinary state, such as sirrmg and 
river watery is always so far contaminated with foreign 
substances as to be unfit for many chemical purposes, and 
frequently, as will be more fully shown hereafter, even 
for domestic use. Rain-water is much more pure, but 
it always contains a portion of carbonic acid and of the 
elements of atmospheric air, besides appretiable traces 
of vegetable or animal matter ; to the latter it owes its 
property of becoming putrid when kept. The distinc- 
tion of water into hard and soft has reference to its less 
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•r greater purity. The impurities of water are sepa- 
rated by distillation, which process is usually conducted 
upon tbe large scale in a copper baier, a, placed either 
in a portable furnace, or set in brickwork, acoording to 
i£i dimensions, to which is annexed a head, i, of the 
same material, or of pewter, connected witli tbe pewter 
wmJH c, which is immersed in the worm-Utb, or refrige- 
rator, d, its lower end passing out at e. The water in 
tbii vessel must always be retained of a low temperature 
to effect the condensation of the vapour in the spiral 
tube. 




Ditttlled water, as commonly prepared, ^ways aftbrds 
minute traces of foreign matter, especially when subjected 
to Voltaic decomposition, and can only be considered 
as perfectly pure when re-distilled at a low temperature 
in silver vessels. 

239. Pure water is transparent, and witliout either 

VOL. I. X 
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colour, taste, or smell. In consequence of the facility 
of obtaining it pure, it is assumed as a standard to which 
the relative weight of all otlier bodies may be compared, 
its specific gravity being called = 1.000, and hence the 
importance of estimating its weight with precision. At 
the temperature of 4<f it is at its maximum of denuty^ 
and at that temperature an English cubic foot weighs 
4*37102.4946 grains (Thomson s Syrfem, Vol. ii. p. 12.) 
or 999.09H161 ounces avoirdupois, and a cubic inch 
252.953 grains. 

240. At the temperature of 32° water cougeab 
into ice, which, if slowly formed, produces needles cross- 
ing each other at angles of 60° and 120°. The specific 
gravity of ice is 0.94. Exposed to the air, ice loses 
considerably in weight by evaporation. 

241. If water be exposed to heat in open vessds it 
boils, or is converted into steam, at 212°, the barometer 
being at 30 inches ; but the boiling point of water varies 
considerably with the pressure (83.) The specific gravity 
of air being considered as = 1 ; that of steam is 0.6235. 
At mean pressure, and at the temperature of 212\ 
the bulk of steam is 1700 times greater than that of 
water. 

242. Water is susceptible of compression, as was ori- 
ginally shown by Canton, and more lately by Mr. Perkins, 
who has estimated, in an ingenious series of experiments, 
the rate of its compression [Phil. Tram. 1820.) If 
submitted to very sudden compression, water becomes 
luminous, as has been shown by M. Desaignes.— 
Thenard, Traite de Chimie, i. 432. 

243. Water enters into combination with a variety 
of substances, and is retained with various degrees of 
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force : where it contributes to the regular form and trans- 
parency of crystallized bodies, it is termed water of crj/fi- 
taUization [12.) In other cases the compounds which 
water forms with substances are called hydrates, as witli 
many of the metallic oxides (520) ; in both cases it may 
be considered as one of the constituents of the bodies, for 
it exists in them in a definite proportion. 

244. Water, which has been exposed to the at- 
mosphere, always contains a portion of air, as may be 
proved by boiling it, or by exposing it under the exhausted 
receiver of the air-pump. To separate the air, the water 
must b,e boiled for about two hours. It absorbs oxygen 
gas in preference to atmospheric air or nitrogen, and when 
the air is expelled by boiling, the last portions contain 
more oxygen than those first given off. — Humboldt and 
Gat-Lussac, Journal de Physique, 1805. 

315. M. Thenard has shown that water may be 
miited to a considerable excess of oxygen by means of 
peroxide of barium. (Quarterly Journal, Vol. viii. 
p. 1 14.) The specific gravity of oxygenated water is 
about 1.45. It acts as a caustic upon the skin ; deto- 
nates violently when dropped upon dry jxide of silver, or 
upon most of the metals finely divided. This singular 
compound may be termed peroxide of hydrogen : its pro- 
perties, and the process for obtaining it, which is com- 
plex and circuitous, have been fully detailed by its dis- 
coverer, and will be adverted to under the article Perojic/c 
of Barium, Vol. ii.. Section 5. Par. 630. 

246. The following table exhibits the quantity of 
different gases which water is capable of absorbing at 
mean temperature and pressure, the water being previously 
deprived of all aeriform matter by long boiling. 

z t 
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GASES. 

Oxygen 

Chlorine 

Oxide of Chlorine .... 

Hydrogen 

Muriatic acid . 

Hydriodic acid 

Nitrogen 

Nitrous oxide 

Nitric oxide 

Nitrous acid 

Ammonia 

Sulphurous acid 

Sulphuretted hydrogen . , 
Hydroguret of phosphorus 
Bi-hydrogiiret of phosphorus 

Carbonic oxide 

Carbonic acid 

Carburetted hydrogen . . . 

Cyanogen 

Fluoboric acid . • 

Fluosilicic acid 



100 Volanies of Water 
nbsurb 



AUTHORITY. 



I 



3.7 volumes 
200 
800 
1.56 
50000. average 

1.56 
100 



5 



67000 average 
3300 
100 
2.14 
12 

2 average 
100 

12.5 
450 
70000 
35000 



DaltoQ. 



Henry. 



Henry. 
Ditto. 



Thomson. 
DaltOD. 
Henry. 
Davy. 

Dal ton. 
Dal ton. 

John Davy. 

■ 

Saussure. 



247. As hydrogen is the lightest known substance, 
it is assumed in tins work as unity y in reference to the 
representative numbers of other bodies. The principle 
of numeric representation, or of equivalent or propor- 
tional numbers, has already been adverted to (50), aixl 
the following will be the representative numbers of the 
bodies described in the foregoing chapter, the number 
for oxygen being deduced from the composition of water 
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{2Sd), and of chlorine and iodine from the muriatic 
(2*8) and hydriodic acids (259). 

I'adecomponuUcd ReprcscntatiTe 

- SobfUnrcs. Namber. 

Hydrogen 1 

Oxygen 7.5 

Chlorine 33.5 

Iodine 1 1 7.7 



Compnnrnt RcpretenUtiv* 

CompMu<b. I»a4U. Number. 



Water (I proportional of hydrogen = I \ 

\l ditto oxygen =r 7.5/ 

Oxide of J 4 proportionals of oxygen = 30 1 ^^ ^ 

chlorine \J ditto cWorine = 33.5/ ^"^'^ 

Chloric add If P'^^P^;;^^^"^^^^^?^^^ = ^If)71 

^1 ditto chlorine = 33.5/ 

Perchloric r7 proportionals of oxygen = 52.51 «^ 

acid \1 ditto chlorine = 33.5/ ^ 

Oxiodicacid {? PTS^"^'^ ISr ZlT^fi^^^-^ 

Chloriodic /I proportional of chlorine = 33.5\,^, « 

acid \l ditto iodine = 117.7/'^*-^ 



218. Hydrogen and Chlorine. — When equal vo- 
lumes of these gases are mixed and exposed to light, 
they combine, and produce a sour compound conmionly 
called muriatic acid gas; or, in conformity to more 
modem nomenclature, hydrochloric acid gas. If the 
above mixture be exposed to the direct solar rays, a de- 
tonation ensues, as was first remarked by M. M. Gay- 
Lussac and Thenard. (Recherches Physico-Chymiques, 
ii. 129.) It also detonates when exposed to the light 
of the Voltaic discharge, showing a curious analogy be- 
tween electric and solar light ; for ordinary artificial 
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light does not accelerate the combination. BtuNDE, 
Phil. Trails. 1820. 

The best mode of showing the composition of muriatic 
acid, is to introduce into a small but strong glass vessd 
a mixture of the two gases, and to inflame them by the 
electric spark ; no change of volume ensues, and muriatic 
gas results. The apparatus shown at page 334«, may be 
ased for this purpose. 

249. Muriatic acid may be decomposed by the ac- 
tion of several of the metals. Potassium, for instance, 
absorbs the chlorhie, and the hydrogen is evolved ; mu- 
riatic acid gas tlius affords half its volume of hydrogen. 
As the specific gravity of hydrogen to chlorine is as 1 
to 33.5, muriatic acid will consist of 1 hydrogen + 33.5 
chlorine, and its representative number will be 34.5. 



Hydrog:en 

1 


Chlorine 
33.5 



Muriatic Acid. 



34.5 



250. Muriatic acid may be readily procured by act- 
ing upon common salt by sulphuric acid ; the evolved gas 
must be received over mercury. It was first obtained 
pure by Dr. Priestley, but its composition was discovered 
by Scheele, and has since been most ably investigated by 
Davy. 

251 . Muriatic acid gas extinguishes flame. Its spe- 
cific gravity, compared with hydrogen, is = 17.25 ; 100 
cubic inches = 38.8 grains. 

252. Muriatic acid gas is greedily absorbed by 
water, which takes up 480 times its bulk, and has its 
specific gravity increased from 1 to 1.210. 
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253. For saturating water with gases which are 
easily sohible in that fluid, we generally employ JVoulfes 
apparatus.one form of which is shown in the annexed cut. 
' a, is a tubulated retort in which the materials, producing 
the gas or vapour, are contained ; b, a receiver communi- 
cating by a bent tube with the three-necked bottle c, whidi 
is connected also by a tube with d. These bottles are 
about half filled with water, or any other fluid intended to 
be saturated with the gas ; when that in c has become sa- 
turated, it passes into d, and afterwards through the tube 
6, which may be placed under the water, or mercury, in 
the pneumatic trough. In case absorption should take 
place in the vessels a or b, the pressure of the external air 
might force the water from d into c, and from c into the 
balloon b. This is prevented by the safety tubes ff, 
which, dipping not more tlian half an inch under the sur- 
face of the water, allow a little air to enter, so as to com- 
pensate for the absorption. The different joints may be 
secured either by grinding, or by well-cut corks rendered 
tight by a mixture of drying oil and pipe-clay. 




e/z^s^s:^ 



254. ^VTicn muriatic acid is thus dissolved in water, 
it forms tlie liquid muriatic add or spirit of salt, and may 
easily be procured by distilling a mixture of dilute sul- 
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phuric acid and coininon salt, as directed in the honkiH 
Pharmacapaia. The most economical proporUons ue 
32 parts of salt, and 22 of sulphuric acid, diluted with one* 
third its weight of water. The retort containing these 
ingredients may be luted on to areceiver, containing twice 
the quantity of water used in diluting the sulfdiiuric add, 
and the distillation carried on in a sand-bath. 

255. When this liquid acid is pure it is perfectly 
colourless, but it generally has a yellow hue ansing 
from a little iron. When b^&ted, the gaseous acid is 
evolved. 

256. The following Table shows the quantity of 
real acid contained in 100 parts of liquid acid of different 
specific gravities. — Davy's ElemenU, p. 253. 

Table showing the Quantity of real Acid in Liqaid Muriatic Acid 
of different Specific Gravities. (Temperature 45* Fahr. Baro- 
meter 30.) 



Specific 
Gravity. 


too Grains contain of 
Mturiatic Acid Gas. 


Specific 
■ Gravity. 


100 Grains contain of 
Mariatic AcM Oca. 


1.21 


42.43 


1.10 


20.20 


1.20 


40.80 


1.09 


18.18 


1.19 


38.38 


1.08 


16.16 


1.18 


36.36 


1.07 


14.14 


1.17 


34.34 


1.06 


12.12 


1.16 


32.32 


1.05 


10.10 


1.15 


30.30 


1.04 


8.08 


1.14 


28.28 


1.03 


6.06 


1.13 


26.26 


1.02 


4.04 


1.12 


24.24 


l.Ol 


2.02 


1.11 


22.30 







257. Hydrogen and Iodine exert a slow action 
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under ordinary circumrtanoes ; but when iodine k pre- 
sented to nascent hydrogen, tiiey readily unite, and jAro- 
duce a gaseous acid, the hydriodic add. It is prepared 
by tbe action of moist iodine upon phosphorus, and must 
lie received over mercury ; which, however, soon acts 
upon and deeomposes it, so that it riiould be- transferred 
as speedily as possible into an exhausted vessel. In 
procuring it, it is convenient to use a small retort or bent 
tube, into the bulb of which is introduced the iodine, and 
a small stick of phosphorus placed in the neck above it, 
which can be shaken down upon the iodine when the 
beak of the tube or retort is placed under the inverted 
jar ; a quantity of the gas is instantly and violently ge- 
nerated, and a further portion is obtained on appljring 
the flame of a spirit lamp. 

258. Hydriodic acid is colourless, very sour, and 
smells like muriatic acid. Its specific gravity to hydrogen 
is as 59.3 to 1. 100 cubic inches = 133.6 grains. 

259. Hydriodic gas is rapidly absorbed by water. The 
solution, exposed to a temperature below 260^, becomes 
concentrated by loss of water ; at about 260^ it boils, 
and may be distilled. The specific gravity of tiie strongest 
liqind acid is 1.7. It becomes dark coloured when 
kept, in consequence of a partial decomposition, and it 
readily dissolves iodine, becoming of a deep brown 
colour. 

The liquid hydriodic acid is best prepared by passing 
sulphuretted hydrogen through a mixture of iodine and 
water ; sulphur is deposited, and on heating and filtering 
the liquor, a pure solution of hydriodic acid is obtained, 
which may be concentrated by evaporation. 

260. That hydriodic acid gas consists of equal vo- 
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lumes of hydrogen and vapour of iodine is shown by the 
action of mercury, which by absorbing the iodine, e?(d?cf 
half a volume of hydrogen from one of the gas. 

It is instantly decomposedby chlorine, which produces 
muriatic acid, and the blue vapour of iodine b rendered 
evident. These gases often take fire on mixture. 

It consists of 1. hydrogen, 

117.7 iodine. 



Hydriodic acid =: 118 



Section II. Nitrogen. 

261. This was first recognised as a diatinet aeri- 
form fluid by Dr. Rutherford in 1772. (Thesis, Dc 
acre Mephitico.) It may be obtained by heatii^ phos- 
phorus in a confined portion of dry atmospheric sir, 
wliich consists of nitrogen and oxygen ; the phospbons 
absorbs the latter, and tlio former gas remains. After 
repeated washing, it may be considered as pure. It miT 
also be obtained by the action of moist sulphuret of iroa 
upon atmospheric air. 

262. 100 cubic inches of nitrogen weigh 29.S5 
grains ; so that its specific gravity, compared with hy- 
drogen, is as 13 to 1. It is tasteless, inodorous, and 
insoluble in water. It does not support combustioD, 
and is fatal to animals; hence was called azote. It 
is not inflammable ; but when its compounds are sub- 
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mitted to Voltaic decompositioii, it is attracted by the 
negative pole. 

263. Nitrogen and Oxygen. — ^These bodies unite 
in four proportions, and form the compounds called, 

1. Nitrous oxide. 

2. Nitric oxide. 

3. Nitrous acid. 

4. Nitric acid. 

264>. Protoxide of Nitrogen^ or Nitrous Oxide, may 
be obtained by heating in a glass retort over an Argand 
lamp, the salt called nitrate, of ammonia, to a temperature 
of about 42(f . The gas which passes off may be col- 
lected over warm water, and is nitrous oxide. 100 
•cubic inches weigh 46.125 grains ; its specific gravity, 
therefore, to hydrogen is as 20.5 to 1. 

The taste of this gas is sweet, and its smell peculiar, 
but agreeable. 

It is easily absorbed by water, which takes up about 
its own bulk, and evolves it unchanged when heated. 

Its singular effects, resembling intoxication, when 
respired, were first ascertained by Sir H. Davy. (Re- 
searches Chemical and Philosophical, cUtfy canurnmg 
Nitrous Oxide. London, 1800.) The experiment of 
breadiing this gas, however, cannot be made with im- 
punity, especially by those who are liable to a determi- 
nation of blood to the head 

265. Nitrous oxide supports combustion^ and a 
taper introduced iiito it has its flame much augmented and 
aurrounded by a purplish halo. Phosphorus and sulphur, 
when introduced in a state of vivid ignition into this gas, 
are capable of decomposing it, zxA bum with the same 
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appearance netriy as.io oxygen ; bufc» if when put into 
the gas, tiiey are merely burning dimly, they then do not 
^lecompose it and are extinguislied, so that they may be 
melted in the gas, or even touched with a r^ hotwire 
without inflaming. Charcoal, and many of the metais, 
also decompose nitrous oxide at high temperatures. 

266. At a red heat this gas is decomposed and cod- 
verted into nitrogen and nitric oxide, undergoing at the 
same time an increase of bulk. For experiments of this 
kind the following simple apparatus may be used : It con- 
sists of two bladders, one of which is filled with the gai, 
and the other empty, attached to the extremities of i 
porcelain tube which traverses the body of a fiirmce. 
The bladders are supplied with stop-cocks, %iid the gai 
J6 squeezed from one to the other when the tube ii 
red hot. 




S67. The best analysis of this gas is effected by 
VIetonatfon with hydrogen ; one volume of nitrous oxide 
Tequilas one volume of hydrogen. This mixture, fired 
%y the electric spark, produces water, and one volume 
of nitrogen remains. Now, as one volume of bydroges 
takes half a volume of oxygen to form water« nitroos 
f)iide must Consist of two volumes of nitrogen and one 
volume of oxygen ; these three volumes being so coo- 
dete^ it! consequence of chemical union, as only to fiS 
the space of two volumes. The specific gravity of ni- 
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trogen, compared with oxygen, is as 13 to 15 ; nitroui 

oxide^ therefore, consists of 13 Nitrogen 

7.5 Oxygen 

Number for nitrous oxide, = 20.5 



or, 



Nitrogen 
13 


Oxygen 
7.5 





Nitrons 

Oxide 

20.5 



268. Nitric oxide, deatoxidc of nitrogen, swmtrow 
gas, is usually obtained by presenting certain substances to 
nitric acid, which abstract a portion of its oxygen, leaving' 
the remaining elements in such proportions as to con- 
stitute the gas in question ; for this purpose some copper 
filings may be put into a gas bottle (237) with nitric acid, 
diluted with thrice its bulk of water ; an action ensues, 
red fumes are produced, and there is a copious evolution 
of the gas, which may be collected and preserved 
over water. The first portions should be rejected as 
containing nitrogen and nitrous acid gas. Nitric oxide 
is presentiy recognised by the red fumes which it;pf oduces 
when brought into the contact of air. 

Its specific gravity to hydrogen is as 14 to.' 1; 100 
cubic inches weigh 31.5 grains. When it has been 
washed with water it is not acid, as may be proved by 
die colour of litmus remaining unchanged by it. It ex- 
tinguidies most burning bodies, but phosphorus readily 
boms in it, if introduced in intense ignition. 

268. It is not altered by a red heat, nor does it de- 
tonate when mixed with hydrogen, and subjected to the 
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electric spark ; but it may he tlecomposed by the artiow 
of some of tlie metals at liigli temperatures, which ahsort 
its oxygen. One volume of nitric oxide is thus resolvoi 
into equal volumes of oxygen and nitrogen. If, Uiere 
fore, we call nitrous oxide a compound of I proportionsl'l 
of nitrogen + 1 oxygen, then nitric oxide may be conrl 
sidercd as consisting of I nitrogen + 2 oxygen, or Ii 
weight, 13 nitrogen + 15 oxygen, and its symbol wffl 
itand thus : 



Nitrogen 
13 


Oxygen 

7.5 


7.5 




370. A piece of glowing charcoal plunged into nitrii 
oxido gas is presently extinguished, Iiut if it be pass 
through a porcelain tube containing red-hot charcoi 
nitrogen and carbonic arid and oxide are produced. 

271. Nitric Oxidt; and Chlorine, when botharep 
' fectly dry, exert no mutual action, but the prosem^e ( 

water causes an immediate change ; it k decompof 
and, furnishing oxygen to the nitric oxide, and hydrogi 
to the chlorine, nitrous acid and mnriotic acid gases a 
generated. It was the presence of water which mistoi 
those, who thought that tlie red fumes produced 
mixing nitric oxide and chlorine not carefully driti 
resulted from the existence of oxygen in chlorine. 

272. Gay-Lussac hasconcluded from hisex|)erimenlt'* 
that there exists a compound of nitrogen and oxygen inter- 
mediate between nitrie oxide and nitrous acid, which lir 
has termed per-nllrovs aciil. but to whicli the terra h^po- 



NITROl'S ACID GA^. 3.71 

ttUroun acid K more a|)plic«l)le. He considers it us a 
compound of 1 proportional of nitro<;en, and 3 of oxy< 
gen ; but the existence of sucli a compound can scarcely 
be considered as accurately demonstrated. 

273. Nitrous Acid Gas. — When nitric oxide is 
presented to oxygen, the two gases combine, and a new 
ga.^cous compound of a deep orange colour results. This 
compound is not easily examined, because it is absorbed 
both by quicksilver and water, so that we arc obliged to 
resort to exliausted glass vessels for its production. 
When we tlms mix two volumes of nitric oxide with one 
volume of oxygen, the gases become condensed to about 
half their original volume, and form nUrous acid gas. 

This gas supports the combustion of the taper, of 
phosphorus, and of charcoal, but extinguishes sulphur. 
It is readily absorbed by water, forming a green sour 
liquid. Its si>ecific gravity to hydrogen is as 28.C to I, 
and 100 cubic inches weigh 64:5 grains. 

974. It is obvioiLs that tliis nitrous acid gas must 
consist of 13 nitrogen + 30 oxygen, and therefore, its 
number is 43 ; for nitric oxide is composed of equal 
volumes of nitrogen and oxygen, and one additional 
volume of oxygen, or two proportionals by weight are 
added to form nitrous acid. 
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275. If the mi&ture.of nitric oxide and oxygen be 
made over water, in the above proportions, iand if the 
gases be perfectly pure, com[^ete absorption takes place ; 
but if either thef oxygen or nitric oxide contain uncom* 
bined nitrogen, it will remain unabdorbed. 

276. Nitric Acid. — The fourth compound o£ ni- 
trogen with oxygen is the nitric acid; the nature of 
which was first demonstrated by Mr. Cavendish in 1785. 
(Phil. Trans.) It is usually obtained by the distillation 
of purified nitre with sulphuric acid, of which materials 
difierent proportions are employed. 'Die nitric acid 
of commerce, which is generally red and fuming in conse- 
quence of the presence of nitric oxide, is procured by 
the distillation of two parts of nitre with one of sulphuric 
acid ; tiiese proportions afford about one part of orange- 
coloured nitric acid of the specific gravity of 1.4S. 
Upon the large scale 112 lbs. of nitre, and 56 of sul- 
phuric acid yield from 50 to 52 lbs. of nitric acid. 
Some manufacturers employ three parts of nitre and 
two of sulphuric acid, and the London Pharmacopem 
directs equal weights, by which a nearly colourless nitric 
acid is afibrded. 

It will appear by referring to the article Sulphwrk 
Acid, tliat it contains in its liquid state one proportional 
of dry acid and one of water ; whereas liquid nitric acid 
contains one proportional of dry acid, and two of water; 
^ lence the requisite excess of sulphuric acid, where colour- 
less and perfect nitric acid is to be obtained; hence 
too the red colour of tlie acid of commerce in conse- 
quence of the smaller quantity of sulphuric acid ge- 
nerally used by the manufacturer. This will be more 
apparent by reference to the article Bi-sulphate of Po- 
tasia. 
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The distiDatioo of nitric acid may be conducted upon 
the snnll scale in a tnhnlatrd ^ass retort a^ with a tuba- 
lated leodrer b, pairing into the bottle c. The requi- 
site heat is obtained by the hunp4» ttid the iriiole appa- 
ratm sqqported by the bran stands with riiding rings 




But the manufacturer who prepares nitric acid iqpon 
a large scale, generally employs distillatory yessels of 
stone-ware. The following wood-cut represents the 
arrangement of the distillatory apparatus, employed at 
Apothecaries* Hall, for the production of common a^^- 
/brtis ; it consists of an iron pot, set in brick-work, over 
a fire-place ; an earthenware head is luted upon it, com- 
municating with two receivers of the same material, 
furnished with earthenware stop-cooks, the last of which 
has a tube of safety dipping into a basin of water. 

VOL. I. s A 
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277. The nitric acid of commerce, as obtained by 
the above processes, is always impure, and muriatic and 
sulphuric acids may usually be detected in it. The for- 
mer may be separated by nitrate of silver^ and the latter 
by a very dilute solution of nitrate of baryta. To ob- 
tain pure nitric acid, therefore, add to that of commerce 
a solution of nitrate of silver as long as it produces an; 
white precipitate ; and when this has subsided, pour ofT 
the clear liquor, and add, in the same way, the nitnte 
of baryta; then distil the acid, and it will pass over 
perfectiy pure. For pharmaceutical purposes, the ordi- 
nary acid is generally sofficiently pure. If, however, 
pure nitre, and pure sulphuric acid be employed in its 
production, and the latter not in excess, there b tittle 
tqiprehension of impurity in the resulting acid. 

The nitnc acid is a colourless liquid, extremely soar 
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and corrosive. Its specific gravity is 1 .48 ; it always 
contains water, which modifies its specific gravity. At 
S?5(r it boils and distils over wifiumt change. At— 4<f 
it congeals. It absorbs water from the air, and its 
bulk is thus increased, while its specific gravity is dimi- 
nished. It is usually coloured by nitrous acid gas, 
which it evolves when heated. 

278. Nitric acid ia its dry state, that is, as it 
exists combined with metallic oxides in the salts 
called nitratesy may be regarded as ccmiposed of one 
proportional of nitrogen = 13, and 5 of oxygen 
= 37.5, and this will be the symbol representing its 
composition. 



Nitrogen 
13 


Oxygen 
7.5 


'^ 


7.5 






7.5 


1 




7.5 






7.5 





37.5 



Coiisequei]rt;ly , the representative number of dry nitric 
acid is 50.5. But in its liquid state it always contains 
water ; and when in this state its specific gravity is 1 .5, 
it may be regarded as a compound of one proportional 
of dry acid and two of water, which may be nume- 
rically expressed thus : 

Acid« Water. 

50.5 H- 17 = 67.5 liquid acid, 

« A 8 
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279. The following Table drawn up by Dr. Ure, 
exhibits the quantity of real acid in the liquid acid of 
different densities : — Quarterly Journal, iv. 297. 



Specific 


Acid ill 


Specific 


Acid iD 


Specific 


Ackl is 


liraviiy. 


100. 


Gravity. 


100. 


Gmvity. 


ISO. 


1.5000 


79.700 


1.3783 


52.602 


1.1833 


25.504 


1 .4980 


78.903 


1.3732 


51.805 


1.1770 


24.707 


1 .496*0 


78.106 


1.3681 


51.068 


1.1709 


23.910 


1 .4940 


77.309 


1 .3630 


50.211 


1.1648 


23.113 


1.4910 


76512 


1.3579 


49.414 


1.1587 


22.316 


1.4880 


75.715 


1.3529 


48.617 


1.1526 


21.519 


1.4850 


74.9 1 8 


1 .3477 


47.820 


1.1465 


20.722 


1.4820 


74.121 


1.3427 


47.023 


1.1403 


19-925 


1 .4790 


73.324 


1 .3376 


46.226 


1.1345 


19.128 


1.4760 


72-527 


1.3323 


45.429 


1.1286 


18-331 


1.4730 


71-730 


1.3270 


44.632 


1.1227 


17.534 


1 .4700 


70.933 


1.3216 


43.835 


1.1168 


1 6737 


1 .4670 


70 136 


1.3163 


43.038 


1.1109 


15.940 


1.4640 


69339 


1.3110 


42.241 


1.1051 


15.143 


1 .4600 


68.542 


1 .3056 


41.444 


1.0993 


14.346 


1.4570 


67.745 


1.3001 


40.647 


1 .0935 


13.549 


1.4530 


66.948 


1-2947 


39 850 


1.0878 


12.752 


1.4500 


66,155 


1-2887 


39.053 


1.0821 


11.955 


1.4460 


65.354 


1-2826 


38.256 


1 .0764 


11.158 


1 .44^24 


64^,557 


1-2765 


37.459 


I.O7O8 


10.361 


1.4385 


63.760 


1-2705 


36.662 


1.0651 


9-56^ 


1.4346 


62.963 


1 -2644 


35.865 


1.0595 


8.767 


1 .4306 


62.166 


1-2583 


35.068 


1 0540 


7.970 


1 .4?69 


61.369 


1.2523 


34.271 


1.0485 


7-173 


1.4228 


60.572 


1 -2462 


33.474 


1 .0430 


6-376 


1.4189 


59.775 


1-2402 


32-677 


1.0375 


5.570 


1.4147 


58.978 


1-2341 


31.880 


1.0320 


4.78i 


1.4107 


58.181 


1-2277 


31.083 


1 .0267 


3-985 


1 .4065 


57.384 


1.2212 


30-286 


1.0212 


3.188 


1.4023 


56.5S7 


1-2148 


29-489 


1.0159 


2.391 


1.3978 


55.7.00 


1.2084 


28-692 


1010*6 


1.594 


1.3945 


54,993 


1.2019 


27-895 


1.0053 


0.797 


1.3882 


54.196 


1.1958 


27-098 






1,3833 


53.399 


I.I895 


26.301 







280. Nitric acid may be decomposed by passing 
its vapour through a red-hot porcelain tube ; oxygen is 
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given off, nitrous acid gas is produced, and a quantity of 
diluted acid passes over into the receiver, having escaped 
decomposition ; so that it is thus proved to consist of 
nitrous acid gas, oxygen, and water. 

For experiments of this kind the form of apparatus, 
described for the decomposition of water by iron, 
may be employed (p. 335), omitting the condensing 
worm-pipe. 

The nature of nitric acid was first synthetically de- 
monstrated by Mr. Cavendish, who passed electric sparks 
through a portion of atmospheric air, or through a mix- 
ture of one part of nitrogen and two of oxygen, confined 
over mercury. After some time the mixture diminished 
in bulk, and, on admitting a little water, an acid solu- 
tion was obtained, which afforded crystals of nitre when 
saturated with potassa. 

281. Nitro-muriatic Acid. — This term has been 
applied to the Aqua Regia of the alchemists. When 
nitric and muriatic acids are mixed, they become yellow, 
and acquire the power of readily dissolving gold, which 
neither of the acids possessed separately. This mixture 
evolves chlorine, a partial decomposition of both acids 
having taken place, and water, chlorine^ and nitrous 
acid gas, are thus produced ; that is, the hydrogen of the 
muriatic acid abstracts oxygen from the nitric to form 
water : The result must be chlorine and nitrous acid. — 
Daw, Journal of Science and the ArtSy Vol. i. p. 67. 

282. Nitrogen and Chlorine. — Chloride of Nitrogen . 
— These gases do not unite directly, but the compound may 
be obtained by exposing a solution of nitrate or muriate 
of ammonia to the action of chlorine, at a temperature of 
60' or 70\ The gas is absorbed, and an oil-like fluid. 
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heavier than water, is produced. It was discovered by 
M. Dulong, in 1812. — Annates de Chimie, Vol. Ixxxv. 
The simplest mode of obtaining this compound, con- 
sists in filling a perfectly clean glass basin with a 
solution of about one part of sal-ammoniac in twelve of 
water, and inverting into it a tall jar of chloriiie. The 
saline solution is gradually absorbed and rises into the 
jar, a film forms upon its surface, and it acquires a deep- 
yellow colour ; at length small globules, looking like 
yellow oil, collect upon its surface, and successively fall 
into the basin beneath, whence they are most conve- 
niently removed by drawing them into a small and 
perfectly clean glass syringe, made of a glass tube 
drawn to a pointed orifice, and having a copper wire 
with a piece of clean tow wrapped round it for a piston; 
in this way a globule may be drawn into the tube, and 
transferred to any other vessel. 




Its specific gravity is 1.6; it is not congealed by 
cold. Its odour is irritating and peculiar ; it very soon 
evaporates when exposed to air. This substance is 
dangerously explosive, and is decomposed with violent 
detonation by many combustibles, especially phosphona, 
and fixed oils. 

In making these experiments, a small globule of the 
compound, about the size of a mustard-seed^ should be 
cautiously transferred to a clean porcelain basin, half 
filleil with water; a very small piece of phosphorus, 
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fixed to the end of a long stick, or along rod with the 
extremity dipped in oil may be then brought into con- 
tact with the globule, which instantly Explodes, dis- 
persing the water, and breaking the basin. At 16(f it 
distils without change, but at 212'' explodes, and is de- 
composed. It was submitted to the action of 125 dif- 
ferent substances^ by. Messrs. Porret and Wilson, of 
which the following caused it to explode : 

Phosphorus. 

Phosphurct of lime. 

Caoutchouc. 

Myrrh. 

Palm-oil. 

Whale-oil. 

Linseed-oil. 

Olive-oil. 

Oil of turpentine. 

i^aptha. 

Liquid ammonia. 

Phosphuretted hydrogen. 

Nitric oxide. 

The metals, resins, and sugar did not cause it to 
explode. — Nicuolson's Journal, Vol. xxxiv. 

Alcohol quietly changes it jnto a white substance. 
Mercury absorbs the chlorine^ and evolves nitrdgen« 
Ityieldft, by decomposition, 1 volume of nitrogen 
and 4f of chlorine ; and as the specific gravity of ni- 
trogen to chlorine is as 13 to 33.5, so it may be said 
to consist of 1 proportional of nitrogen + 4 propor- 

tionals of chlorine, or 13 ^ 134< by wieight, and its num- 
ber will be 147. 
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Nitrogen 
13 


Chlorine. 
33.5 . 




33.5 

• 




33.5 




33.5 



134 



L 



In the state of vapour, it is probable that the five 
volumes of aeriform matter which it affords by decom- 
position, are condensed into one, since its decomposition 
by mercury is not attended by any change of its volume. 
283. Nitrogen and Iodine. — A compound of these 
bodies may be procured by pouring a solution of am- 
monia upon a very small quantity of iodine. Hydriodic 
acid is one product, and the other a brown powder, 
which detonates upon the slightest touch, and is resolved 
into nitrogen and iodine. It may be collected by pour- 
ing off the liquid, and placing it, while moist, in smaD 
parcels upon bibulous paper, where it must be suffered 
to dry spontaneously. When it detonates, the purple 
fumes of iodine are perceptible. When left exposed to 
air it gradually evaporates. 
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284. Nitrogen andHydrogen — Ammaina ; or Volatile 
Alcali. — ITbis gaseous compound may be obtained by 
heating a mixture of quicklime and muriate of amm&nia. 
Two parts of dry quicklime and one of muriate of am- 
monia may be introduced into a small glass retort, and, 
upon the application of a gentle heat, the gas passes over. 
It must be collected over mercury. It is permanently 
elastic at common temperatures, extremely pungent and 
acrid, but when diluted by mixture with common air, 
agreeably stimulant. It converts most vegetable blues 
to green, and the yellows to red, properties which 
belong to the bodies called alcalis. Anunopia, there- 
fore, has been termed volatile alcali. 

Its specific gravity to hydrogen is as 8 to 1 ; 100 
cubical inches weighing 18 grains. It extinguishes flame, 
but forms an inflammable mixture with common air and 
with oxygen. 

285. Water, at the temperature of 5(f. takes up 
670 times its volume of ammonia ; its bulk is increased, 
and its specific gravity diminished : that of a saturated 
solution is 0.875, water being 1.000. The following 
Table shows the quantity of ammonia in solutions of 
diflerent specific gravities. — ^Davy's Chem. Phil. p. 268. 



100rarttorSp.Gr. 

•8750 
8876 
9000 
9054* 



Of AmnHuda. 



^32.50 
29.25 
26.00 
25.37 



9166 /^''^^i 22.07 

9255 j 1 19.54 

9326 I 117.52 

9385 J l\5.BB 



100 Parts of Sp. Gr. 
9435 ^ 

9476 

9513 

9545 

9573 

9597 

9619 

9692* 



Contain 




* The three results marked by the asterisk, were gained by ex- 
periments, the other numbers by calculation. 
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The usual state in which ammonia is employed is in 
solution» both in chemistry and medicine. This solution 
beaFs the name of Liquor AmmomcB in the homium 
Pharmacopieia. It may be obtained by passing the gas 
into water in a proper apparatus (253,) or b/ distilling 
over the water and gas together. 

The following process, recommended by Mr. R. 
Phillips^ answers well. On 9 ounces of wdl-bumed 
lime pour half a pint of water, and when it has remained 
in a well-closed vessel for about an hour, add 12 otmcei 
of muriate of ammonia in powder and three pints and t 
half of boiling water ; when the mixture has cooled* 
pour off die clear portion, and distil from a retort 90 
fluid ounces. The specific gravity of this soIotioB, 
which is sufficiently strong for most purposes, is 0.951. 
' — Remarks on London Pharmacopmia^ p. 34. 

The specific gravity of the officinal solution directed 
in the Pharmacopmaj is 0.960. 

Liquid ammonia should be preserved in well-stopped 
glass bottles, since it loses ammonia and absorbs car- 
bonic acid, when exposed to air. When heated to 
about 140°, ammonia is rapidly given off by it ; when 
concentrated it requires to be cooled to — 40^ before it 
congeals, and then it is apparently inodorous. 

If a piece of ice be introduced into a jar of ammonia 
standing over quicksilver, it melts with great rapidity, 
and liquid ammonia is produced. 

286. Dr. Henry (Phil. Tram. 1S09,) first obsened 
that a mixture of ammonia and oxygen gas might be 
fired by an electric spark, and this property furnishes a 
means of analyzing the alcaline gas. Electricity also 
decomposes ammoniacal gas. If a succession of clcctri- 
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cal sparks be passed through a small portion of the gas 
confined in a proper tube over quicksilver, it will increase 
to about twice its original bulk, and lose its easy solu- 
bility in water. If the gas thus expanded be mixed with 
from one-third to one-half its bulk of oxygen, and an 
electric spark passed through the mixture, an explosion 
takes place, attended by considerable diminution. Note 
the amount of the diminution, divide it by 3, and multiply 
the product by 2. The result shows the quantity of 
hydrogen. Thus, suppose 10 measures of ammonia, 
expanded by electricity to 18, and that, after adding 8 
measures of oxygen gas, we find the whole (= 26 
measures,) reduced by firing to 6 measures, the diminu- 
tion will be 20. Then 20 -:- 3 = 6.66 and 6.66 x 2 
^ 13.32 measures of hydrogen gas from 10 of ammonia ; 
and 18 — 13.32 = 4.68 for the nitrogen gas contained 
in the product of electrization. Therefore, 10 mea- 
sures of ammonia have been destroyed and expanded 
into 

13.32 measures of hydrogen gas, 
4.68 . - - nitrogen gas. 

Henry's Elements, 7th edit. Vol. i. p. 233. 

It appears probable that one volume of ammonia is 
resolved by electric decomposition into two Volumes of 
a mixture of hydrogen and nitrogen, consisting of three 
volumes of hydrogen and one volume of nitrogen ; hence 
the following symbols will represent the composition and 
volume of ammonia : 
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Nitrogen 
13 


Hydrogen 


= 16 




Ammonia 
16 
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Hydrogen 
1 




Hydrogen 
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When ammonia and oxygen are detonated, the nitro- 
gen is oxidized as well as the hydrogen ; hence, if exces 
of oxygen be used, the whole of the ammonia disappears, 
and nitrate of ammonia is formed. 

Ammonia is decomposed by passing it through 
a red-hot iron tube ; it suffers expansion, and is re- 
solved into hydrogen and nitrogen gases, furnishing 
a singular instance of change of properties in conse- 
quence of chemical combination, a is a bladder filled 
with ammonia which may be passed through the iron 
tube 6, placed in the furnace c ; the gas is decomposed, 
and hydrogen and nitrogen may be collected over the 
water in d. 




Ammonia is also decomposed when passed over 
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black oxide of manganese, heated red-hot in a porcelain 
tube ; the results are water and nitrous acid gas ; nitrate 
of ammonia is also often formed. 

287. Ammonia is produced synthetically during the 
decomposition of many animal substances; it is also 
formed during the violent action of nitric acid upon 
some of the metals ; and by moistened iron-filings ex- 
posed to an atmosphere of nitrogen ; in these cases tlie 
nascent gases unite so as to form a portion of am- 
monia. 

28S. Ammonia combines with the acids, and pro- 
duces a class of salts which, with very few exceptions, 
are soluble in water, and which evolve the odour of 
ammonia when mixed with lime or with pure potassa. 
These salts are, for the most part, entirely dissipated, 
and, generally speaking, decomposed by heat 

289. Ammonia and Chloric Add — Chlorate of Am- 
monia is formed by saturating chloric acid with carbo- 
nate of ammonia. It forms very soluble acicular crys- 
tals, of a sharp taste, which detonate when thrown 
upon hot coals. It probably consists of 1 proportional 
of each of its components, or 16 ammonia -f 71 chloric 
acid. 

290. lodate of Ammonia forms small indeterminate 
crystals ; when heated they are decomposed into oxygen, 
nitrogen, water, and iodine. Their composition has not 
been ascertained. 

291. Ammonia and Chlorine. — When these gases 
are mixed, a partial decomposition of the former ensues. 
On mixing 15 parts of chlorine and 40 of ammonia, 5 
parts of nitrogen are liberated, and muriate of ammonia 
is formed. If the gases be perfectly dry, considerable 
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heat is evolved, and a flame is perceived to traverse the 
vessel in which the experiment is made. 

292. Ammo7iia and Muriatic Acid — Muriate of 
Ammonia — Sal Ammoniac — ^This salt may be produced 
directly by mixing equal volumes of ammonia and nm* 
riatic acid, when an entire condensation ensues. 

The specific gravity of ammonia to muriatic acid is 
as 16 to 34.5 ; therefore, muriate of ammonia consists 
of 34.5, muriatic acid -f 16 ammotiia. 



16 
Ammonia 



34.5 
Muriatic Acid. 



Muriate of ammonia was formerly imported from 
Egypt, where it was obtained by burning the dung of 
camels ; it is now abundantly prepared on the Conti- 
nent and in this country. Its preparation will be here- 
after described. When obtained by evaporation from 
its solution in water, it forms octoedral, prismatic, and 
plumose crystals ; but, in commerce, it usually occurs, 
as procured by sublimation, in white cakes, hard, and 
somewhat elastic, and in this compact state it requires 
for solution 3.25 parts of water at 60°. When heated 
it sublimes without decomposition in the form of white 
vapour. 

Sal-ammoniac is used in the arts for a variety of pur- 
poses, especially in certain metallurgic operations. It is 
used in tinning, to prevent the oxidation of the surface 
of copper ; and small quantities are consumed by dyers. 
Dissolved in nitric acid, it forms the aqica regia of com- 
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merce, used for dissolFing gold, instead of a mixture of 
nitric and muriatic acids (281). 

293. NcUioe Muriate of Ammonia occurs massive 
and crystallized, in the vicinity of volcanoes, and in the 
cracks and pores of lava near their craters. It has thus 
been found at Etna, and at Vesuvius, in the Solfa- 
terra near Naples, and in some of ttie Tuscan Lakes. 
An efflorescence of native sal-ammoniac is sometimes 
seen upon pit-coal. Its colour varies from the admix- 
ture of foreign matter, and it is frequently yellow from 
the presence of sulphur. It is said that considerable 
quantities of native sal-ammoniac are also found in the 
country of Bucharia, where it occurs with sulphur in 
rocks of indurated clay. The ancients, according to 
Pliny, called this salt ammoniac^ because, it was found 
near the temple of Jupiter Anunon, in Africa. 

294. Hydriodatc of Ammonia. — In a former para- 
graph (283) the action of iodine on ammonia has been 
stated to produce a portion of hydriodate of ammonia : 
this compound may be directly formed by mixing equal 
volumes of hydriodic and ammoniacal gases ; or by satu- 
rating liquid hydriodic acid by carbonate of ammonia ; 
it forms very soluble and deliquescent cubic crystals, 
volatile in close vessels without decomposition. — Gay- 
LussAc, Annales de Chin. xci. 

295. Ammonia and Nitric Add — Nitrate of Am- 
moma. — This salt may be procured by the direct union 
of ammonia with nitric acid; or more easily, by saturating 
dilute nitric acid with carbonate of ammonia. It has 
been mentioned as the source of nitrous oxide, and 
when heated is entirely resolved into that gas and water. 
It consists of one proportional of nitric acid = 50.5 + 
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one proportional of ammonia = 16, and therefore the 
representative number of nitrate of ammonia is 66.5. 
Or it may be considered as containing two proportiontb 
of nitrogen, three of hydrogen, and five of oxygen, as 
the following symbols show : 
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Nitric Add 

50.5 



•^. 



AmiDonit 

16 



Nitroo;en 
13 


Oxygen 
7.5 


7.5 




7.5 




7.5 




7.5 




Nitrous oxide consists of 1 proportional of nitrogen 
= 13 -h 1 of oxygen = 7.5 ; hence the 2 propor- 
tionals of nitrogen in the salt (1 in the acid and 1 in 
the ammonia,) will require 2 of oxygen to produce 
nitrous oxide, and the remaining 3 of oxygen will unite 
to the 3 of hydrogen, and form water ; and accordingly 
nitrous oxide and water are the only possible results; 
so that the elements, afler the decomposition of the salt, 
are arranged thus : 
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Nitrate of ammonia has long been known> and was 

formerly called Nitrum flammam. It differs in form 

according to the manner in which its solution has been 

evaporated : if at a temperature below 100^, its crystals 

are six-sided prisms terminated by six-sided pjrramids ; 

if boiled down, its crystals are thin and fibrous : it is 

deliquescent, and soluble in twice its weight of water at 

6(f , and in its own weight at 212^. Its taste is acrid and 

bitter. It contains different proportions of water of 

crystallization; according to Berzelius, the prismatic 

variety affords 11.232 per cent. (80 Annalei de CkmUe.) 

According to Davy, the fibrous variety contains 8.2 

per cent. ; and the compact, obtained by evaporating 

(he solution till it concretes, 5.7 per cent, of water of 

crystallization. — Davy's Researches^ p. 71. 

294. Atmospheric Air. — The composition of at- 
mospheric air has been frequently alluded to in the pre- 
ceding pages, and as the student is now acquainted with 
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its essential component parts, namely, oxygen 
trogen, it may be right to consider its properti 
at length. 

The atmosphere is a thin, transparent, invisible, and 
elastic fluid, which surrounds our planet, and reaches 
a considerable height above its surface, probably 
40 miles. 

That air is a ponderous body, was first suspected by 
Galileo, who found that a copper ball, in which the air 
had been condensed, weighed heavier than when the air 
was in its ordinary state of tension. The fact was after- 
wards demonstrated by Torricelli, whose attention was 
drawn to the subject by the attempt of a well-digger at 
Florence, to raise water by a sucking-pump to a height 
exceeding 33 feet. It was then found that the pressure 
of the atmosphere, and not nature's abhorrence of a 
vacuum, was th^ cause of tJic ascent of the water in the 
pump-pipe, and that a column of about tlie height men- 
tioned was sufficient to equipoise the atmosphere. 

In 1643, Torricelli filled a glass tube, three feet long, 
and closed at one end, with quicksilver, and inverted itK 
a basin of the same fluid ; he found that tlie mercury (di 
about six inches, so that the atmosphere appeared ca- 
pable of counterbalancing a column of mercury 30 
inches in height. The empty space, in the upper part 
of the tube, has hence been called the Torricellian va- 
cuum, and is the most perfect that can be formed. 

Paschal and Torricelli afterwards observed, that upB 
ascending a mountain, the quicksilver fell in the tube, 
because tliere was less air above to press upon the sur- 
face of tlie metal in the basin ; and thus a method of 
measuring the heights of mountains by the baromcl^, 
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as the instnunent is now called, was devised. Sir Henry 
Englefield ba9 constructed a barometer, expressly for 
these investigations, the mode of using which is described 
hi the Journal of Science and the Arts, Vol. v. p. ^9. 

The barometer indicates, by its rise and fall, a cor- 
responding change in the density of the atmosphere. 
At the surface of the earth the mean density or pressure 
is considered equal to the support of a column of quick- 
silver 30 inches higfi. 

Inchet. 

At 1000 feet above the surface the column falls to 28.91 

2000 27.86 

3000 26.85 

4000 25.87 

5000 24.93 

1 Mile 24.67 

2 20.29 

3 16.68 

4 13.72 

5 11.28 

10 4.24 

15 1.60 

20 0.95 

295. The general mechanical properties of the air 
are best illustrated by the ofV-ptimp, the construction of 
which much resembles that of the common sucking-pump 
used for raising water, excepting that all the parts are 
more accurately and nicely made, the object being to 
exhaust the air as completely and expeditiously as 
possible. The annexed sketch will give an idea of the 
operation of the common air-pump, a b are cylinders, 
into which the sliding-pistons c d are accurately fitted. 
chvi tube issuing from the bell-glass placed upon a 

48B 2 
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brass plate/, and entering the lower part of the cylin- 
ders at hh, where are valves opening upwards. In each 
piston is also a valve opening upwards at g g. The 
cylinder a represents the piston in the act of being drawn 
up. By elevating the piston c an attempt will be made 
to form a vacuum underneath it ; but a portion of the 
air, in consequence of its elasticity, will pass out of the 
bell/, along the tube e, and elevating the valve A. will 
fill the space below the piston, the valve g being kept 
closed by the weight of the incumbent atmosphere. In 
the cylinder 6 the piston is represented in the act of de- 
pression, the valve k therefore is forced down upon the 
orifice, which it perfectly closes ; and the air, confined 
between it and the piston, now makes its escape by tbt 
piston-valve g, whidi is accordingly open, so that it 
every stroke of the pump a portion of air is withdrawn 
from the receiver/. 
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With this air-pump it is obviously impossible to obtain 
more than an imperfect vacuum in the receiver/, for the 
valves can only act by the elasticity of the remaining 
air ; and, accordingly, if a barometer be placed under 
the receiver, the mercury will never attain a level 
in the tube and basin, but will always indicate a degree 
of pressure, as is shown by the small syphon gauge at i; 
and if a tube 3 feet long have its upper end opening 
into the receiver, and its lower end plunged into a basin 
of mercury, the mercury will never rise so high as in the 
common barometer, where the vacuum above it is per- 
fect, but will indicate the pressure of a remnant of air 
in the receiver. The syphon gauge, and the barometer as 
applied at i, are very useful appendages to the air-pump, 
as showing the degree of exhaustion, and its permanence. 

The operation of the pump in removing air, and the 
mechanical properties of the atmosphere, may be shown 
by a variety of experiments. Its pressure is iUustrated 
by the force with which the bell-glass is pressed down 
upon the plate of the pump ; the absence of its buoyancy, 
by the descent of a guinea and a feather at the same time 
in the exhausted receiver ; and by the preponderance of 
the larger of two bodies which balance each other in the 
open air. The want of resistance in the exhausted re- 
ceiver is also shown by the equal duration of the motion 
of two fly-wheels, with their plates placed in different 
directions. 

296.. The specific gravity of atmospheric air, at 
mean temperature and pressure, Ihat is, the thermometer 
being at 60°, and the barometer at 30 inches, is usually 
considered as = 1 . It is about 828 times lighter than its 
bulk of water, 100 cubical inches weighing 30. 19 grains. 
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For ascertaining the specific gravity of gase- 
ous bodies, a good air-pump is essentially requi- 
site ; a light glass balloon or flask b ; and a 
graduated air-jar a, each supplied with stop- 
cocks, are also required. 

Dr. Henry, in his excellent Elements of 
Chemistry^ (Vol. i. p. 126,) has given the fol- 
lowing directions for proceeding to estimate 
the specific gravity of gases, which can scarcely 
be improved upon ; it only requires to be ob- 
served, that the gases should, in general, be 
retained and collected over mercury, and carefully dried 
by exposing them to proper substances for absorbing 
the moisture which they hold in solution, and which would 
materially affect the accuracy of the result ; or they should 
be taken saturated with moisture, and a deduction after- 
wards made for the weight of the vapour contained in a 
given bulk of the gas. 

Supposing the receiver a to be filled with any gas, 
the weight of which is to be ascertained, we screw the 
cock of the vessel b on the plate of an air-piunp, and ex- 
haust it as completely as possible. The weight of the 
exhausted vessel is then very accurately taken, even to a 
small fraction of a grain ; and it is screwed upon the air- 
cock of the receiver a. On opening both cocks, the 
last of which should be turned very gradually, the gas 
ascends from the vessel a ; and the quantity which enters 
into the flask, is known by the graduated scale on a. 
On weighing the vessel a second time, we ascertain how 
many grains have been admitted. If we have operated 
on common air, we shall find its weight to be at the rate 
of 30.19 grains to 100 cubical inches. The same quan- 
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tity of oxygen gasLwill weigh 33.75 grains,, and of car- 
bonic acid gas 46.57 grains. 

In experiments of this kind it is necessary eilher to 
operate with tlie barometer at 30 inches, - and the ther- 
mometer at 60° Fahrenheit, or to reduce the volame. of 
gas employed to that pressure and temperature, by rules 
which are given in the note*. Great care is to be 

* Rules far reducing the Volume of Gates to a mean Height of the 

Barometer J and mean Temperature, 

i. From the space occupied by any quantity of gas under an ob- 
served degree of pressure, to infer whcU its volume would be under the 
mean height of the barometer^ taking this at 30 inches, <u is now 
mostusuoL 

This is done by the rule of proportion; for, as the mean height 
is to the obsenred height, so is the obsenred rolume to the volume 
required. For example, if we wish to know what space would be 
filled, under a pressure of 30 inches of mercury, by a quantity of 
gas, which fills 100 inches, when the barometer is at 29 inches. 

30 :29::ioo: 96.66. 

The 100 inches would, therefore, be reduced to 96.66. 

ii. To estimate what would be the volume of a portion of gas, if 
brought to the temperature of 60^ Fahrenheit, 

Divide the whole quantity of gas by 480 ; the quotient will show 
the amount of its expansion or contraction by each degree of Fah- 
renheit's thermometer. Multiply this by the number of degrees, 
which the gas exceeds, or falls below, 60^. If the temperature of 
the gas be above 60^, subtract, or if below 60^, add, the product 
to the absolute quantity of gas ; and the remainder in the first case, 
or sum in the second, will be the answer. Thus, to find what space 
100 cubic inches of gas«t 50^ would occupy if raised to 60^, divide 
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taken, also, not to warm any of the vessels by contact 
with the hands, from which they should bedefended by a 
glove. On opening the communication between the re- 
ceiver and the exhausted vessel, if any water be lodged 
in the air-cock attached to the former, it will be forcibly 

100 by 480 ; the quotient 0.208 multiplied by 10 gives 2.08, which 
added to 100 gives 102.08, the answer required* If the tempera- 
ture had been 70^, and we had wished to know the volume which 
the gas would have occupied at 60^, the same number 2.08 mutt 
have been subtracted from 100, and 97.92 would have been the 
answer. 

iii. In some cases, it is necessary to make a double coi^rection,or 
to bring the gas to a mean both of the barometer and thermometer. 
We must then first correct the temperature, and afterwards the 
pressure. Thus, to know what space 100 inches of gas at 70^ 
Fahrenheit, and 29 inches barometer, would fill at 60^ Fahrenheit 
and 30 inches barometer, we first reduce the 100 inches, by the 
second process, to 97.92. Then by the first, 

30 : 29::97.92: 94.63. 
Or 100 inches thus corrected, would be only 94.63. 

iv. To ascertain what would be the absolute weight of a given volume 
of gas at a mean temperature, from the known weight qf an equal vo- 
lume at any other temperature : first, find by the second process what 
would be its bulk at a mean temperature ; and then say, as the cor- 
rected bulk is to the actual weight, so is the observed bulk to the 
number required. Thus, if we have 100 cubic inches of gas weigh- 
ing 50 grains at 50^ Fahrenheit, if the temperature were raised to 
60^ they would expand to 102.08. And 

102.08: 50:: 100 :48. 
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driven iuto the latter, and the experiment will be frus- 
trated. This may be avoided by using great care in 
filling the receiver with water, before passing into it the 
gas under examination. 

The specific gravity of any gas compared with com- 
mon air is readily known, when we have once deter- 
mined its absolute wei^t. Thus, if 100 cubic inches 
of air weigh 30.19 graias, and the same quantity of 
-oxygen gas weigh 33.75 grains, we say, 

30.19 : 33.75:: 1.000 : 1.1175. 

Therefore 100 inches of the same gas at 60^ would weigh 49 
grains. 

v. To learn the absolute weight of a given volume of gat under a 
mean pressure^ from its known weight under an observed pressure, 
say, as the obserred pressure is to the mean pressure, so is the ob- 
served weight to the corrected weight. For example, having 100 
inches of gas which weigh 50 grains under a pressure of 29 inches, 
to know what 100 inches of the same gas would weigh, the baro- 
meter being 30 inches, 

29 :30::50: 51.72. 

Then 100 inches of the same gas, under 30 inches' pressure, would 
weigh 51.72 grains. 

vi. In some cases it is necessary to combine the two last calcu- 
lations. Thus, if 100 inches of gas at 50^ Fahrenheit, and under 
29 inches' pressure, weigh 50 grains, to find what would be the 
weight of 100 inches at 60^ Fahrenheit, and under 30 inches of the 
barometer, first correct the temperature, which reduces the weight 

to 49 grains. Then, 

29:30::49;50.7. 

100 inches, therefore, would weigh 50.7 grains. 
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The specific gravity of oxygen gas, compared with 
atmospheric air, wilU therefore, be as 1.1175 to 1.000. 

We may determine, also, the specific gravity of 
gases more simply by weighing the flaak, first when 
full of common air, and again when exhausted; and 
afterwards by admitting into it as much of the gts 
under examination as it will receive, and weighing it a 
third time. Now as the loss bftween the first and se- 
cond weighing is to the gain of weight on admitting (be 
gas, so is common air to the gas whose specific gravity 
we are estimating. Supposing, for example, that by 
exhausting the flask it loses 30.19 grains, and that by 
admitting carbonic acid it gains 46.57 ; then 
30.19 : 46.57:: 1.000 : 1.54Q1. 
The specific gravity of carbonic acid is therefore L54S1, 
air being taken at 1.000. And knowing its specific 
gravity, we can, without any farther experiment, deter- 
mine the weight of 100 cubic inches of carbonic acid; 
for, as the specific gravity of air is to that of carbonic 
acid, so is 30.19 to the number required ; or 

1.000: 1.5421 ::30.19: 46.57. 
100 cubic inches, therefore, of carbonic acid will weigh 
46.57 grains. 

Assuming atmospheric air at 30 inches barometrical 
pressure, and 60° temperature = 1, the following Table 
exhibits a series of comparative specific gravities ; the 
First column shows the results of experiments chiefly 
made at the Royal Institution : the Second contains the 
weight of 100 cubic inches, calculated from the pre- 
ceding column : the Third, specific gravities upon other 
authorities ; and the Fourth contains some calculated re- 
sults obtained by M, Gay-Lussac ; and observations. 
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297. Atmospheric air has already been stated to 
consist essentially of oxygen and nitrogen gases ; but 
whether it should be considered a mere mixture or a 
chemical compound seems a question not easily decided. 

There are various ways of learning the proportion 
which the oxygen bears to the nitrogen ; and as the re- 
lative fitness of the air for breathing has sometimes been 
considered as depending upon the quantity of oxygoi 
contained in a given volume, the instruments used in 
these experiments have been called eudiometers. 

398. From facts already stated it is obvious, that 
if atmospheric air, mixed with a certain quantity of 
hydrogen, be detonated by the electric spark (236 iii.) 
the absorption will be proportionate, to the quantity of 
oxygen present. 

When 100 measures of pure hydrogen are mixed mik 
100 of pure oxygen, the diminution of bulk after deto- 
nation will amount to 150 parts, that is, one volume of 
oxygen requires for its saturation two of hydrogen. 
If we introduce into the graduated detonating tube 
(p. 333) 300 measures of common air, and 200 of pure 
hydrogen, there will remain, after detonation 305 
measures ; so that 195 measures will have disappeared, 
of which one-third may be estimated as pure oxygen ; 
hence 300 parts of air have thus lost 65 of oxygen, or 
about 21 per cent. 

The general rule, therefore, for estimating the purity 
of air by hydrogen gas may be stated as follows : — Add 
to 3 measures of the air under examination 2 measures 
of pure hydrogen ; detonate ; and, when the vessel has 
cooled, observe the absorption ; divide its amount by 
3, and the quotient is the quantity of oxygen. 
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Upon the same principle, drtonation of mixtures of 
oxygen and hydrogen is often resorted to, with a view 
of ascertaining the purity of those gases. Thus, sup- 
pose 100 measures of oxygen, and 300 of hydrogen, 
to be reduced by detonation to 130, the whole diminu- 
tion will be = 270, which, divided by 3, gives 90 for 
the quantity of ox}gen ; so that it contained 10 pa- 
cent, of some gas, not condensible by detonation with 
hydrogen. 

To ascertain the purity of hydrogen, it may be de- 
tonated with excess of pure oxygen. Thus, if we add 
100 of pure oxygen to 100 of hydrogen, and detonate, 
there will be a dimimition equal to two-thirds, or 150 
parts if the hydrogen be pure. If, however, we sup- 
pose 100 of pure oxygen, mixed with 100 of hydrogen, 
to produce, after detonation, a residue of 80 measures ; 
the diminution will then have been only 120 measures, 
of which two-thirds, or 80 measures, are hydrogen ; so 
that tile inflammable gas will have contained 20 per 
cent, of some other gaseous body, not condensible by 
detonation with hydrogen. 

This mode <^ ascertaining the purity of atmo^mc 
air was first resorted to by Yolta, and it is susc^tihle 
of great accuracy, since pure hydrogen and pure oxygen 
are easily procured. An improved detonatmg tube for 
tiiese purposes has been described by M. Gay-Lussac, 
Annalee de Ckim. et Phys. lY. 188. 

300. Scheele, in his eudiometrical experiments, 
employed sulphuret ofpotassa^ (556) the solution of which 
rapidly absorbs oxygen, as may be shown by agitating 
it with some atmospheric air in a graduated glass tube. 
In this experiment the nitrogen remains unaltered. 
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The best instruments for these 
experiments are the eudiometric 
tubes of Dr. Hope (Nicholson's 
Journal, Vol. iv.) and Dr. Henry 
(ElementSy Vol. i. p. 149) as re- 
presented in the marginal wood- 
cuts. The former consists of a 
small bottle, holding about three 
ounces, into which the graduated 
glass tube a is carefully fitted by 
grinding. It also has a ground stopper at b. To use 
it, tlie phial is filled with the solution of the alcaline sul- 
phuret, and the tube a, containing the air to be examined, 
fitted into its place. After inverting and agitating the 
instrument, the stopper b may be opened under water, 
and the absorption is shown by the rise of the fluid in 
the tube. For the glass bottle Dr. Henry substituted 
the elastic gum bottle 6, in the neck of which a short 
piece of glass tube is secured, into which the tube a is 
fitted by grinding. 

In the Philosophical Transactions for 1807, Mr. Pepys 
has described a modification of this Eudiometer, which 
may be often advantageously employed in delicate expe- 
riments, and by which an absorption of only -^oVo P*^ 
of the gas under examination may be measured. 

301. When nitric oxide gas and atmospheric air 
are mixed, there is a production of nitrous acid, in con- 
sequence of the union of oxygen with the oxide (273) ; 
and if the mixture be made over water, an absorption 
proportional to the quantity of nitrous acid formed ensues. 
Upon this principle nitric oxide may be used in eudio- 
metrical experiments, and, if proper precautions be 
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attended to, it furnishes tolerably accurate results. Dr. 
Priestley and Mr. Cavendish (Pkil. Trans. 1783,) availed 
themselves of this mode, and Mr. Dalton has offered 
some remarks upon its relative accuracy (Phil. Mag. 
Vol. xxviii.) The most certain results are obtained 
by adding to 100 parts of the atmospheric air, pre- 
viously introduced into a small beer glass, an equal 
volume of nitric oxide gas. The mixture may be gently 
agitated, and in two or three minutes, carefully decanted 
into a graduated tube, when it will be found that 84« 
measures have disappeared; of which one-fourth, or 21 
measures, are oxygen. 

Sir H. Davy suggested the use of a solution of sul- 
phate of iron, impregnated with nitric oxide gas, for 
the absorption of oxygen ; it may be employed in the 
same way as the alcaline sulphuret (300.) 

302. If a stick of phosphorus be confined in a por- 
tion of atmospheric air, it will slowly absorb the oxygen 
present. The rapid combustion of the same substance 
may also be conveniently resorted to. For this purpose 
a small piece of phosphorus may be intro- 
duced into the bulb of the tube a, con- 
taining a given measure of the air to be 
examined, confined over mercury, which, 
to prevent loss by expansion, should be 
suffered to occupy about half the tube, or 
to stand at b. The phosphorus may then 
be inflamed in the tube ; and when the 
jcombustion is over, and the tube cold, the 
residuary air may be transferred for measurement. These 
eudiometrical methods were used by Lavoisier, Ber- 
thollet, and Seguin (Annaies dc ChimUy tom. ix. and 
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xxxiv.) and are both susceptible of accuracy, and a loss 
of volume r= 21 per cent, of the atmospheric air, will 
invariably be found to have occurred. 

303. By experiments thus conducted, it has been 
found that the composition of the atmosphere is ex- 
tremely uniform in all parts of the world, and at all 
heights above its surface ; and that it consists of. 

By Measure. By Weight. 

Oxygen 21 23 

Nitrogen 79 77 

loo loo 

Though these are the essential component parts of 
atmospheric air, it contains other substances, whidi, 
however, may be regarded as adventitious, and the 
quantity of which is liable to vary : of these, carbonic 
acid and aqueous vapour are the most important and 
constant. The quantity of the former may usually be 
considered as amounting to less tlian 1 per cent. 

The presence of aqueous vapour in the atmosphere is 
shown in a variety of ways, but most easily by exposing 
to it certain deliquescent substances which liquefy and 
increase in weight, in consequence of its absorpti<m; 
and as the gases in general, unless artificially dried, also 
contain vapour of water, it is necessary, in delicate ex* 
periments, and in ascertaining their specific gravity, to 
take this ingredient into the account, or to separate it 
by proper means, such as exposure to very deliquescait 
substances, among which fused chloride of calcium (623) 
is especially useful. 

The quantity of water contained in air and gases is 
subject to variation. From the experiments of Saussure 
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and Daltoii, it appears that 100 cubic inches of atmo- 
spheric air at 57°, are capable of retaining 0.35 grains 
of watery vapour ; in this state the air may be consi- 
dered at its maximum of humidity : it would also appear 
that all the gases take up the same quantity of water 
when under similar circumstances, and that it couse 
quently depends, not upon the density or composition, 
but upon the bulk of the gaseous fluid. 

We are indebted to Mr. Dulton for some valuable 
information respecting the state in which water exists 
in air ; from which it may be concluded that it is in the 
state of vapour, forming an independent atmosphere, 
mixed, but not combined with, or dissolved in, the air. 

304. Hygroscopes and Hi/grojneters are instruments 
which show the presence of water in the air, its variation 
in quantity, and its actual quantity existing in a given 
bulk of air at any given time. Saussure employs a 
human hair, which, by its dilatations and contractions in 
moisture and dryness, is made to turn an index ; Deluc 
used a thin strip of whalebone in tlie same way ; Wilson 
employs a rat's bladder, which is filled with mercury, and 
tied on to a large thermometer tube, and by its dilata- 
tion and contraction causes tlie mercury to fall and rise 
in the tube, and thus to indicate changes in the moisture 
of the air. Mr, Daniell has constructed an hygrometer, 
which shows the constituent temperature of the moisture 
in the atmosphere, by its precipitation upon a cold 
surface ; comparing this with the temperature of the 
atmosphere, the difl'erencc furnishes a datum for calcu- 
lating the quantity of vapour in a given quantity of 
air, and affords indications usefully applicable to pre- 
dicting change of weather. A detailed account of this 
VOL. 1. a c 
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instrument, and of the observations made with it, is given 
by Mr. Daniell in the Quarterly Journal of 
Vols. viii. ix. and x. 



Section III. Sulphtir, 

» 

305. Sulphur, or brimstone, is a brittle substance, 
of a pale yellow colour, insipid and inodorous, but ex- 
haling a peculiar smell when heated. Its specific grt- 
vity is 1.990. It becomes negatively electrical by beit 
and by friction. 

Sulphur is principally a mineral product, and ocGon 
crystallized, its primitive form being a very acute octoe^ 
dronwith an oblique base. Its crystals are in ahig^ 
degree doubly refractive. 

306. When sulphur is heated to about 180^, it voli- 
tilizes, and its peculiar odour is strong and disagreeable; 
at 225° it liquefies ; between 350° and 4<Xr it becomes 
viscid, and of a deep brown colour ; and at about GXf 
it quickly sublimes. When slowly cooled after funoSi 
it forms a fibrous crystalline mass. It suffers no change 
by exposure to air, and is insoluble in water. It is iim( 
with in masses, in rolls or sticks, and in the form of 
powder, when it is usually called flowers of sulphur^ er 
sublimed stilphur, 

307. Sublimed sulphur, when examined by a mier©* 
scope appears composed of minute crystals ; it is alwiyi 
slightly sour, and hence, for some pharmaceutical ^ 
poses, is directed to be washed with hot water. 
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308. Massive sulphur is chiefly brought to this 
eounfry from Sicily ; it occurs native, and is found as- 
sociated with sulphate of lime, sulphate of strontia, and 
carbonate of lime. Its colour is various shades of yellow, 
and the transparent crystals are doubly refractive ; it is 
not imcommon among volcanic products. 

309. Roll-sulphur is chiefly obtained from sulphuret 
of copper in this country ; which is roasted, and the 
fumes received into a long chamber of brick-work, where 
the sulphur is gradually deposited : it is then purified 
by fusion, and cast into sticks. In this state, if grasped 
by the warm hand, it splits with a crackling noise. 

310. For some pharmaceutical purposes sulphur is 
precipitated from its alcaline solutions, as from sulphuret 
of potassa (556) by an acid, and, when washed and 
dried, is in the form of a yellowish-grey impalpable 
powder ; it is the mil& of sulphur and precipitated itdphur 
of the Pharmacopreim. Dr. Thomson considers it as a 
compound of sulphur and water. — System of Chem. 
Vol. i. 285. 

311. The purity of sulphur may be judged of by beat- 
ing it gradually upon a piece of platimim leaf ; if free from 
earthy impurities, it should totally ev^oratc. It should 
also be perfectly soluble in boiling oil of turpentuie. — 
Aikin's Dictionary, Art. Sulphur. 

312. Sulphur and Oxygen. — Sulphur forms two 
well-defined compoimds with oxygen, the sulphurous and 
snlphuric acids ; two other compounds of sulphur and 
oxygen have also been described under the names of 
Hypontipkurotts and Hyposulplturic Acids; but these 
can scarcely be said to exist, except in combination 
with bases, and what is kaown respecting them will be 
act 
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found under the articles Hyposulphite of Lime (G30) and 
Hi/posulp/iate of Baryta (639). IfUiey he admitted a* 
distinct compounds, sulphur may be considered as sus- 
ceptible of four states of combination with oxygen, and 
tiiese compounds will consist respectively of 



1 Sulphur + 1 Oxygen =: HypoBulphurons acid. 

1 Ditto + 2 Ditto = Sulphurous acid. 

1 Ditto + 2.5 Ditto = Hyposulphuric add, 

1 Ditto +3 = Sulphuric acid. 



I 



313. Sulphurous add is a gaseous body, which may 
he obtained hy several processes. It may be prociirpd 
directly, by burning sulphur in oxygen gas ; or indi- 
rectly, hy hoiUng mercury in sulphuric acid. It must be 
collected and preserved over mercury ; for water takfs 
up rather more than 30 times its bulk of this gas, forming 
the liquid sulphurous acid, which, when recently pre- 
pared, has a sulphurous astringent taste, and destroys 
many vegetable colours ; but, by keeping, it acquires 
' a sour flavour, and reddens the generality of vegetable 
blues. 

314. Ifsulphurbcbumedinoxygen,8Ulphurousactd 
is produced without any change in tfic volume of Uic gw. 
so that its composition is easily learned by tlie inerew . 
of weight ; and as 100 cubic inches of oxygen (wcighi 
33.75 grains) dissolve 33.75 grains of stdphnr, it is obi 
0U8 that tlie sulphurous acid is composed of equal t 
of sulphur and oxygen; and if weregnrd it as oonsis 
of two proportionals of oxygen and one of sulphur, '• 
latter clement will be represented by tlic nitinber 1 
and the sulphurous acid, consisting of I proportidj 
of sulphur =: 15, and 2 of oxygen = 15, will be i 
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presented by 30, which is also its relative specific gra- 
vity to hydrogen, considering the latter as = 1 ; 100 
cubical inches of sulphurous acid gas weigh 67.5 grains 
This gas has a suffocating nauseous odour, and au 
astringent taste ; it extinguishes flame, and kills animals. 
315. Sulphurous acid suffers no change at a red heat, 
but if mixed with hydrogen, and passed through a red-hot 
tube, water is formed and sulphur deposited ; under tlie 
same circumstances, it is also decomposed by charcoal, 
by potassium and sodium, and probably by several other 
metals. Prepared by the combustion of sulphur, it is 
much used for bleaching cotton goods {Quarterly Journal 
oj Science^ iv. 196,) and also for whitening silk and 
wool ; in wine countries it is sometimes used to check 
vinous fermentation. 

316. When sulphurous acid is mixed in equal 
volume with ammonia, a yellowish salt is produced, 
which is a sulphite of ammonia, and which consists of 
90 sulphurous acid + 16 ammonia. When formed by 
saturating liquid ammonia with sulphurous acid, it 
crystallizes in four and six-sided prisms, soluble in their 
own weight of water, and having an acrid taste. It is 
deliquescent, and becomes a sulphate by exposure to 
air. 

317. Sulphuric Acid. — This body was formerly 
obtained by the distillation of green vitriol, and called 
oil of vitriol. It is now procured in this country by 
burning a mixture of about 8 parts of sulphur and 1 of 
nitre in close leaden chambers containing water, by 
which the fumes produced are absorbed, and by evapo- 
ration the acid is procured in a more concentrated state. 
This improved method of preparing sulf^uric acid was 
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invented by Dr. Roebuck, about tlie year 1746. — 
Pabkes's Chemical Exsays, Vol. ii. — Prefatory History 
ofCkemistry, Vol. i. p. 36. 

318. Sulphuric acid, as usually met with, is a lii 
colourless fluid, having a specific gravity of 1.80; it' 
boils at 620°, and freezes at 15°, contracting at the same 
time considerably in its dimensions. But the tempo'a- 
ture at which the diluted acid congeals is singularly 
modified by the quantity of water wbich it contaiiK. 
At the specific gravity of 1 .78 it freezes at about ■M)" ; 
but if the density be either increased or diminished, a 
greater cold is required for its congelation (Keir, Iruh 
Phil. Trans, iv. 88.) Its boiling point diminishes with 
its dilution ; acid of the specific gravity of 1.78, boib 
at 435°, and acid of the specific gravity of 1.650 boik. 
at 350°.— D ALTON'S Ckem. Phil. ii. 404. 

It is acrid and caustic, and when diluted with 
water, produces a very sour liquid. It rapidly 
absorbs water from the atmosphere, and upon sudden 
mixture with water, condensation ensues, and mndi 
heat is evolved. Even a boiling temperature, when it 
is concentrated, does not prevent its taking up moistnre 
from the air ; hence it cannot be concentrated so well 
in an open as in a close vessel, on which account retortl 
of glass or platinum are used for the last stage of iti 
concentration by the manufacturers. 

It chars animal and vegetable substances, and is apt 
to acquire a brown tinge from any small particles of 
^aw, resin, or other matters that may accidentally haw 
fallen into it. 

319. In sulphuric acid 1 proportional of sulphnr 
= 15, is combined with 3 of oxygen = 22,5. ani. 



i 



SULPHURIC ACID. S91 

consequently, dry sulphuric acid is correctly represented 
by 15 + 23.5 = 37.5 ; but it only exists in this state 
(like the nitric and chloric acids) when united with bases, 
and in its ordinary state contains water, and may, there- 
fore, be called hydratcd ndphunc Acid. It has been 
found by experiment, that 100 parts of sulphuric acid, 
qiecific gravity 1.85, contain 18.6 of water; conse- 
quently, it may be looked upon as composed of 1 sulphur 
+ 3 oxygen + 1 water : 

Or of 15 sulphur 
22.5 oxygen 
8.5 water 

46 = number for liquid sulphuric acid. 

100 Parts of liquid sulphuric acid, of the specific 
gravity of 1.3530, contain 37.5 parts of dry sulphuric 
acid ; or 46 of liquid acid, of the specific gravity 1 .85. 
320. The strength of sulphuric acid is best judged 
of by its saturating power, and by its specific gravity. 
Mr. Dalton (New System of Chemical Philosophy , Vol. 
ii. p. 404,) has published a Table, exhibiting the spe- 
cific gravity and boiling point of the acid of various 
strengths. Dr. Ure also has given several valuable 
tables relating to this subject, in his Experiments to 
determine tlie Law of Progression^ followed in the 
Density of Sulphuric Acid at different Degrees of 
Dilution (Quarterly Journal of Science and the Arts, 
Vol. iv. p. 1 14.) An extremely useful table of this kind 
will also be found in Mr. Parkes's Essays above quoted 
(Vol. u. p. 444.) 

The foUowiiig is Dr. Ure's Table : 
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Llqoii S[ 


. Gr. 


Dtt 


Liq. 


Sp. Gr. 


Dry 


Uq. 


Sp.G,. 


Dry 


100 1 


8185 


81.54 


66 


1.5503 


53.83 


32 


1.2334 


26.09 


99 I 


8475 


80.72 


65 


1.5390 


53.00 


31 


1.2260 


35.28 


98 1 


8460 


79.90 


64 


1.5280 


52-18 


30 


1.2184 


24-46 


97 1 


843y 


79.09 


63 


1.5170 


51.37 


29 


I.2I0S 


23.65 


96 1 


8410 


78.28 


62 


1.5066 


50.55 


38 


1.2032 


22.83 


95 1 


8376 


77.46 


61 


1.4960 


49-74 


27 


I.195ff 


22.01 


94 1 


8336 


76.65 


60 


1.4860 


48.92 


26 


1-1876 


21.20 


93 1 


8290 


75.83 


59 


1.4760 


48.11 


25 


1.1792 


20.38 


92 I 


8233 


75.02 


58 


1.4660 


47.29 


24 


1.1706 


19-57 


91 I 


8179 


74.20 


57 


1.4560 


46.48 


S3 


1. 1626 


18-75 


90 I 


8115 


73.39 


56 


1.4460 


45.66 


22 


1.1549 


17-94 


89 1 


8043 


72.57 


55 


1.4360 


44.85 


21 


1.1480 


17.12 


88 1 


7962 


71.75 


54 


1.4265 


44.03 


20 


1.1410 


16-31 


87 t 


7870 


70.94 


53 


1.4170 


43-22 


19 


1-1330 


15-49 


86 1 


7774 


70.12 


52 


1.4073 


42.40 


18 


1.1246 


14-68 


85 1 


7673 


69.31 


51 


1.3977 


41.58 


17 


1.1165 


13-86 


84 1 


7570 


68.49 


50 


1.3884 


4077 


16 


1.1090 


13.05 


83 1 


7465 


67.68 


49 


1.3788 


39.95 


15 


1.1019 


12.33 


83 1 


7360 


66.86 


48 


1.3697 


39.14 


14 


1.0953 


11-41 


81 1 


7245 


66.05 


47 


1.3612 


38.32 


13 


1.0S87 


10-60 


80 1 


7100 


65.23 


46 


1.3530 


37.51 


12 


I.OSO9 


9-78 


79 1 


6993 


64.42 


45 


1.3440 


36.69 


11 


1.0743 


8.97 


78 1 


6870 


63.60 


44 


1.3345 


35.88 


10 


1.0682 


8.15 


77 1 


6750 


62.78 


43 


1.3255 


35.06 


9 


1.0614 


7.34 


76 1 


6630 


61.97 


42 


1.3165 


34.25 


8 


1.0544 


6-53 


75 1 


6520 


61.15 


41 


1.3080 


33.43 


7 


1.0477 


5-71 


74 1 


6415 


60.34 


40 


1 -29159 


39.61 


6 


1.O405 


4.89 


73 1 


6j'^i 


59.52 


39 


1.2913 


31.80 


5 


1.0336 


1-08 


72 1 


6204 


58.71 


38 


1 .2836 


30-98 


4 


1.0268 


3-26 


71 1 


6090 


57.89 


37 


1.2740 


30.17 


3 


1.0206 


2-446 


70 1 


5975 


57.08 


36 


1.2654 


29.35 


2 


1.0140 


1.63 


69 1 


5868 


56.26 


35 


1.2572 


28.54 


1 


1.0074 


0.8151 


6a 1 


5760 


55.45 


34 


1.2490 


27.73 








67 1 


5648 


54-63 


33 


1.2409 


26.91 









321. The/on«afton of sulphuric acid by the com- 
bustion of sulphur and nitre is as follows : 

The sulphur, by burning in contact with atmospheric 
air, forms sulphirous add. The nitre gives rise totbe 
production of nUrk oxide, which, with the oxygen of the 
air, produces nUrous add gas. When these gases (j. c, 
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sulphurous and nitrous acids,) are perfectly drj/, they do 
not act upon each other, but moisture being present in 
small quantity, they form a white solid, which is instantly 
decomposed when put into water; the nitrous acid 
reverts to the state of nitric oxide, having transferred 
one additional proportional of oxygen to the sulphurous 
acid, and, with water, producing the sulphuric acid ; 
while the nitric oxide, by the action of the air, again 
affords nitrous acid, which plays the same part as before. 

Sulphurous acid consists of 

Sulphur 




And nitrous acid contains 



Nitrogen 
13 


Oxygen 
7.5 


7.5 




7£ 




1-5 



)30; 



hence every two portions of sulphurous acid require one 
of nitrous acid, which transfers two of oxygen, and 
passes back into the state of nitric oxide, sulphuric acid 
being, at the same time, produced. 

The gases, therefore, before decomposition, may be 
thus represented : 



SiilpUui 



Sulphur 
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Oxygen 



Nitrogen 
13 


Oxygen 
7.5 


7.5 1 




7.5 1 




7.5 



Sulphurous acid. Nitroiu acid gw. 

And after decomposition as follows : 
Sulphur 



15 


°7r 






7.5 


22.5 


Sulphur 


7,5 




15 


""ir 






7.5 


22.5 




7.5 





Nitrogen 



Oxygen 



Sulphuric acid. 

302. The decomposition of sulphuric acid may be 
effected by passing it through a red-hot platinum tube, 
when it is resolved into sulphurous acid, oxygen, snl 
water. 

When heated with charcoal, sulphuric acid gives rise 
to Uic production of carbonic and sulphurous acidi; 
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with pliospliorus it produces |)liosiilioric antl sul|)lmrous 
acids ; and, with sulphur, sulphurous acid is the only 
product. It is decomposed by several of the metals, 
which become oxidized, aiid evoke sulphurous acid, as 
shown in the production of this acid, hy boiling sulphuric 
acid with mercury (313,) tin, lead, ^c. 

3-23. Sulphuric acid is largely consumed in a va- 
riety of manufactures. It is used by the makers of 
nitric, muriatic, citric, and tartaric acids ; by blcacliers, 
dyers, tin-plate makers, brass-founders and gilders. For 
these purposes it is generally suHiciently pure as it comes 
from the wholesale manufacturer ; but, as traces of 
lead, lime, and potassa, are usually found in it, it often 
requires to be purified by distillation for the use of the 
experimentiil chemist. 

The distillation of this acid in glass retorts rcquirec 
some precaution, in consequence of the violent jerks 
which the production of its vapour occasions, and which 
often break the vessel ; this may he prevented by put- 
ting some strips of platinum into the acid : it then boils 
quietly, and it is only necessary to take care that the 
neck of the retort and receiver are not broken in conse- 
quence of the high temperature of the condensing acid. 
This very useful contrivance to the practical chemist 
was iirst shown me by Mr. James South. 

If the acid of roinii>erne rontain dissolved sulphate of 
lead, it becomes turbid on dilution, so that its remaining 
clear when mixed with water, is some proof of its purity, 
as far at least as lead is concerned. 

SS*. When sulphuric acid was procured by the 
distillation of green vitriol, it was frequently observed 
that a portion concreted uito a white mass of radiated 
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crystals. The same substance has also been remarked 
as occasionally formed in the acid of the English manu- 
facturers. It has been called glacial or fuming sulphuric 
add^ and is by Dr. Thomson considered as the pure or 
anhydrous acid ; it appears, however, probable, that it 
consists of sulphuric acid, combined with a portion of 
sulphurous acid. — See Sulphate of Iron (738,) and Pre- 
fatorjf History^ Vol. i. p. 34. 

325. It has long been an object with the manufac- 
turer to obtain sulphuric acid without the aid of nitre, 
and a patent has been obtained for a process of this kind, 
invented by Mr. Hill. It consists in subniitting coarsely- 
powdered iron pyrites (737) (sulphuret of iron,) to a red 
heat, in cylinders communicating with a leaden chamber 
containing water ; the sulphur, as it burns out of the pyri* 
tes, appears at once to pass into the state of sulphuric acid. 

326. Native Sulphuric Add has been found by Pro- 
fessor Baldassari, in the cavities of a small volcanic hill, 
called Zoccolino, near Sienna. 

327. When sulphuric acid is dropped into a concen- 
trated and hot solution of iodic acid, a peculiar compound 
is formed, which may be termed iodo-sulphuric acid ; it is 
yellow, fusible, and crystallizes on cooling in rhomboids ; 
at a higher temperature it partly sublimes, and is partly 
decomposed. 

328. Sulphuric Acid and Ammonia — Sulphate of 
Ammonia — may be obtained by passing ammonia into 
sulphuric acid ; but it is usually prepared by saturating 
dilute sulphuric acid with carbonate of ammonia^ or by 
decomposing muriate of ammonia by sulphuric acid. It 
is the secret sal-ammoiiiac of some old writers. This salt 
is important as a source of the muriate of ammonia, (292) 
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which id obtained by sublimation from a mixture of 
common salt and sulphate of ammonia ; by this process 
sulphate of soda is also formed. 

Sulphate of ammonia dissolves in twice its weight 
of water at 60°, and consists of 1 proportional of 
sulphuric acid = 37.5 + 1 proportional of ammonia 
= 16. Its number, therefore, is 53. 5. By crystalliza- 
tion it affords six-sided prisms. Its taste is bitter and 
pungent. When heated, it melts and in part sublimes, 
ammonia is given off, and a super-nUphate remains, 
consisting of 2 proportionals of acid + 1 of alcali. 

339. NoHoe Stdphate of Ammoma is sometimes 
found in volcanic products ; it occurs in stalactitic con- 
cretions of a whitish or yellowish colour, and covered 
with a white efflorescence : it has thus been procured 
from fissures in the earth surrounding certain small lakes 
in Tuscany, near Sienna ; and among tbe products of 
Etna and Vesuvius; it has been termed by Karsten 
Mascagnine^ from the name of its discoverer. 

330. Stdphur and Chlorine — Chloride of Sulphur. 
This compound was first described by Dr. Thomson, 
in 1804 (Nicholson's Journal^ Vol. vii.) When sul- 
phur is heated in chlorine, it absorbs rather more than 
twice its weight of that gas. 10 grains of sulphur 
absorb 30 cubic inches of chlorine, and produce a 
greenish-yellow liquid, consisting of 15 sulphur +33.5 
chlorine, and represented, therefore, by the number 
48.5. It exhales suffocating and irritating fumes when 
exposed to the air. Its specific gravity is 1.6. It 
does not affect dry vegetable blues ; but when water is 
present, it instantly reddens them, sulphur is deposited, 
and sulphurous, sulphuric, and muriatic acids are formed 
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in consequence of a decomposition of the water. It 
dissolves sulphur and phosphorus. 

331. Sulphur and Iodine readily unite, and form t 
black crystallizable compound, first described by M. 
Gay-Lussac. — Amudes de C/iimie, 91. 

332. Sulphur and Hydrogen — Sulphuretted Hydro- 
gen Gas — Hydro thtonic acid. — This gaseous compound 
of sulphur and hydrogen was discovered by Scheele in 
1777. It may be obtained by presenting suIjAur to 
nascent hydrogen, which is the case when sulphuret of 
iron is acted upon by dilute sulphuric acid. It may 
also be conveniently obtained by heating bruised sol- 
phuret of antimony in muriatic acid. 

333. Sulphuretted hydrogen gas may be collected 
over water, though, by agitation, that fluid absorbs 
nearly thrice its bulk. It has a peculiarly nauseous fetid 
odour, resembling that of rotten eggs. Its specific gravily 
to hydrogen isasl6tol. 100 cubic inches weigh 36 
grains. It is inflammable, and during its slow combus- 
tion, sulphur is deposited^ and water and sulphurous acid 
formed. It extinguishes flame. When respired, it proves 
fatal; and it is very deleterious, even though largely 
diluted with atmospheric air. It exists in some mineral 
waters. 

334. The aqueous solution of sulphuretted hydrogen is 
transparent and colourless, but if exposed to air it deposits 
sulphur and the gas escapes. It is an exceedingly delicate 
test of the presence of most of the metals, with which 
it forms coloured precipitates. It reddens infusion of 
litmus; and as it combines with the greater number of 
salifiable bases, it has by some been regarded as an acid. 
Gay-Lussac has termed it hydromlphuric acid. 
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335. When one volume of sulphuretted hydrogen, 
and 1.5 of oxygen are inflamed in a detonating tube, 
1 vohime of sulphurous acid is produced, and water is 
formed. Thus the sulphur is transferred to 1 volume of 
the oxygen, and the hydrogen to the half volume. 
Sulphuretted hydrogen, therefore, consists of 15 sulphur 
4- 1 hydrogen, and its number is 16. Sulphuretted 
hydrogen may also be decomposed by the Voltaic flame, 
in the apparatus shown at page , or by a s^cqession 
of electric sparks. Its volume is unchanged, but the 
sulphur is thrown down. 

336. Chlorine and iodine instantly decompose 
sulphuretted hydrogen ; sulphur is deposited, and muria- 
tic (24*8) and hydriodic (259) acids are formed. It is also 
decomposed by the metal potassium, which absorbs 
the sulphur and liberates pure hydrogen, when heated 
in the gas. Nitric acid poured into the gas occasions a 
deposition of sulphur, and nitrous acid and water are 
formed. 

337. When sulphuretted hydrogen is mixed with its 
volume of nitric oxide over mercury, a dimimition of bulk 
ensues, in consequence of the production of water ; 
sulphur is deposited and nitrous oxide remains in the 
vessel. 

338. When two volumes of sulphuretted hydrogen 
are mixed in an exhausted balloon with one of sulphurous 
acid, they mutually decompose each other, occasioning 
the production of water, and the deposition of sulphur ; 
if the gases be perfectly dry, the action is slow. 

339. Sulphuretted hydrogen and ammonia readily 
unite in equal volumes, and produce hydromlphuret of 
amtnoma. At first white fumes appear, which become 
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yellow, and a yellow crystallized compound results, 
consisting of 16 sulphuretted hydrogen, + 8 ammonia. 
It is of much use as a test for the metals, and may be 
procured by distilling, at nearly a red heat, a mixture 
of 6 parts of slacked lime, 2 of muriate of ammonia, and 
1 of sulphur. 

34*0. The following is the disposition of the apparatus 
for this experiment : a, a small furnace : 6, a tubulated 
earthen retort containing the above matenala ; c, an 
adapting tube ; e, a glass balloon for condensing the 
vapour ; /, a receiver ; g, a bottle of water, into wbidi 
the glass tube, issuing from the upper part of the receiver 
e, is made to dip about half an inch. 








The product in the bottle / may be mixed with 
the water in g, and the whole used for washing out 
the receiver t. In its concentrated state, this compound 
exhales white fumes, as was first remarked by Boyle, 
whence it was termed Boi/Ie's Fuming Liquor^ or Volatile 
Uver of Sulphur. It is a deep yellow liquid, smelling 
like a mixture of sulphuretted hydrogen and ammonia. 

When kept in common white glass vessels, it renders 
them brown or black, in consequence of its action on 
the oxide of lead which the ficlass contains. 
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341. Another compound of hydrogen and tulphur 
which has been called superstdphurettcd hydrogen^ is 
described in most books as a liquid, formed by adding 
muriatic acid to a solution of sulphuret of potassa, and it 
is said to consist of two proportionals of sulphur =: 30 
+ 1 of hydrogen = 1 . I have, however, never been 
able to obtain it. 

343. Sulphur and Nitrogen do not form any defi- 
nite compound, though the nitrogen evolved during the 
decomposition of certain animal substances, often seems 
to contain sulphur. 

343. Sulphur, in its ordinary state, always contains 
hydrogen, which it gives off during the action of various 
bodies for which it has a powerful attraction. Ttius, if 
equal weights of sulphur and copper or iron«filings be 
introduced into a retort, and heated, a quantity of hy- 
drogen, mixed with sulphuretted hydrogen, is evolved 
at the period of their combination. 



Section IV. PhMphorus. 

344. Phosphorus is obtained by distilling concrete 
phosphoric acid with half its weight of charcoal at a red 
beat. This mixture is put into the coated earthen 
retort a, placed in the small portable furnace b ; the tube 
of the retort should be immersed about half an inch into 
the basin of water c. A great quantity of gas escapes, 
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some of which is spontaneously inflammable, and when 
the retort has obtained a bright red heat, a mbttmx 
looking like wax, of a reddish colour, passea over : thii, 
which is impure phosphorus, may be rendered pure by 
melting it under warm water, and squeezing it through 
a piece of fine shamoy leather : but great care must be 
taken that none adheres to the nails or fingers, whid 
would inflame on taking them out of the water, and 
produce a painful and troublesome bum. It is usuaDy 
formed into sticks, by pouring it, when fluid, into a 
funnel tube under water. 

345. In performing this distillation, a high tempera- 
ture is required, so that the furnace should be soi- 
ciently capacious to hold a body of charcoal piled op 
above the retort, which, as earthenware becomes per* 
meable to the vapour of phosphorus at a red heat, most 
be coated with a mixture of slakeA lime and solotieB 
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of borax ; this Hiixture may be laid on with a brad), in 
two or three successive coats, and forms an excellent 
titnfiable lute. 

346. When pure, phosphorus is nearly colourless, se- 
mitransparent, and flexible. Tts specific gravity is 1 .770. 
It melts, when air is excluded, at 105^ If suddenly 
cooled after having been heated to 140^, it becomes 
black ; but if slowly cooled, remains colourless. At 55(f 
it boils, air being excluded, and rapidly evaporates. 
When exposed to air, it exhales luminous ftunes, having 
a peculiar alliaceous odour ; it is tasteless, and insoluble 
in water, but proves poisonous when taken into the 
stomach (Orpila, Traiti des Poisons, II., P. ii., p. 186.) 
In pure nitrogen, phosphorus is not in the least luminous 
at any temperature. 

347. At a temperature of about 100^ phosphorus 
takes fire, and bums witti intense brilliancy, throwing off 
copious white fumes. If, instead of burning phosphorus 
with free access of air, it be heated in a confined por- 
tion of very rare air, it enters into less perfect combus- 
tion, and three compounds of phosphorus with oxygen 
are the result, each characterized by distinct properties. 
The first is a red solid, less fusible than phosphorus ; 
die second is a white substance, more volatile than 
phosphorus ; the third, a white and more fixed body. 

348. The red solid consists of a mixture of phos- 
phorus and oxide of phosphorus. Oxide of phosphorus 
it the white substance with which phosphorus becomes 
incrusted when kept for some time in water. It is very 
inflammable, and less fusible and volatile than phospho- 
rus. It is this substance which is generally used in the 
phosphoric match-boxes. To prepare it for this purpose. 
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a piece of phosphorus may be put into a small phial, 
and melted and stirred about with a hot iron wire, so 
as to coat its interior. A portion of the phosphorus ii 
thus oxidized by its imperfect combustion, and a small 
quantity taken out upon the end of a brimstone match, 
instantly inflames upon coming into the contact of the air. 

349. Phosphorus and Oxygen. — Besides tiie oxide 
of phosphorus, which has just been alluded to, there are 
three add compounds of phosphorus and oxygen, which 
have been termed hypophosphorous^ phosphorous, and 
phosphoric acids. 

350. Hypophosphorous Acid was discovered by M. 
Du]ong, (Annales de Chimie et Physique, Vol. ii. p. 141). 
It is prepared as follows : Upon 1 part of phosphuret tf 
barium (643) pour 4 parts of water, and when the e?o- 
1 ution of phosphuretted hydrogen gas has ceased, pour the 
whole upon a filter. To the filtered liquid add sulphuric 
iicid as long as any precipitate forms ; separate the pre- 
cipitate, which is a compound of sulphuric acid and ba- 
ryta, and the clear liquor now contains the hypophos- 
phorous acid in solution. 

When concentrated by evaporation, a sour viscid 
liquid is obtained, incapable of crystallization, aod 
eagerly attractive of oxygen. 

351. Phosphorous Acid was first examined in its 
pure state, by Sir H. Davy. It is best obtained by mix- 
ing chloride of phosphorus (3G4) with water and filtering 
and evaporating the solution, when a white crystallized 
solid is obtained, of a sour taste and very soluble. This 
body consists of phosphorous acid combined with water, 
and has, therefore, been called hydro-phosphorous add, 

352. Phosphoric Add may be formed by burning 
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phosphorus in excess of oxygen. There is intense heat 
and h'ght produced, and white deliquescent flocculi line 
the interior of the receiver. It is produced in the same 
way by burning phosphorus under a dry bell-glass iri 
atmospheric air. Phosphoric acid may also be obtained 
by acting upon phosphorus by nitric acid: in this case, 
if the action be at all intense, a portion of ammonia 
is at the same time produced, which is found in the 
state of phosphate of ammonia in solution. About six 
parts of nitric acid, specific gravity 1.4, are introduced 
into a tubulated retort placed in a sand heat, with a tu- 
bulated receiver luted on to it, the stopper of which 
should be open. When the acid is warm, drop into it 
gradually one part of phosphorus in small pieces ; red 
nitrous vapour is instantly disengaged, and when its evo- 
lution ceases, put the stopper loosely into the receiver, 
and distil till the residue in the retort acquires the con^ 
sistence of syrup ; pour it into a platinum crucible, and 
give it a dull red heat : it is pure phosphoric acid. 

353. The exposure of phosphate of ammonia (360) 
to a red heat in a platinum crucible, also affords very 
pure phosphoric acid. 

354. For the purpose of procuring phosphorus, 
phosphoric acid is most economically obtained by the de- 
composition of bone earth, which consists chiefly of phos- 
phate of lime. The following is the mode of proceeding : 

On 20 pounds of calcined bone, finely powdered, pour 
20 quarts of water, and 8 pounds of sulphuric acid, di- 
luted with an equal weight of water. Let these mate- 
rials be stirred together, and sinunered for about6 hours. 
Let the whole be then put into a conical bag of linen to 
separate the clear liquor, and wadi the residuum till the 
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water ceases to taste acid. Evaporate the strained liquoTi 
and wheD reduced to about half its bulk, let it cooL A 
white sediment will form which must be allowed to sub* 
side ; the clear solution must be decanted, and boiled to 
dryness in a glass vessd. A white mass will remain, 
which may be fused in a platinum crucible, and poured 
out into a clean copper dish* A transparent gkm k 
obtained, consisting of phosphoric acid with some phos- 
phate, and a little sulphate of lime. 

355. Phosphoric acid is a deliquescent substance, and 
when in the flocculent state, as obtained by burning phos- 
phorus under a dry bell-glass, it dissolves in water witii 
a hissing noise, and excites great heat when a SBiaD 
particle is put upon the tongue ; when fused it has hem 
called glacial phosphoric acid. It is inodorous, veiy 
sour, volatile at a bright red heat, but unchanged by it 
As commonly prepared, it is an unctuous fluid. Specific 
gravity = 2. 

356. The composition of these acids of phospboras 
has been variously given by different chemists. Sir E 
Davy's most recent experiments upon this subject, (Phil. 
Trans. 1818,) appear to furnish the least exceptionable 
results, and he has stated them thus : 

Hypophosphorous acid, Phosphorus 45, Oxygen 15 

Phosphorous acid 45 30 

Phosphoric acid 45 60 

If these numbers be reduced to the equivalents which 
I have employed, the number representing phospbonu 
would be 1 1 .25. The hypophosphorous acid would then 
consist of two proportionals of phosphorus = 22.5, and 
one proportional of oxygen = 7.5. The phosjihorous 



PBMPHATfi OP AMMONIA. 407 

acid of one of oxygen and one of phoi^onM ; and the 
pboqihoric of one and two. 

From some experiments which I made in 1816 upon 
the quantity of oxygen absorbed by phosphonis during its 
oumversion into phosphoric acid, by burning it in great 
excess o( oxygen, I was induced to believe that, at mean 
temperature and pressure, each grain of phosphorus con- 
densed rather less tfian 4.5 cubic inches of oxygen, which 
would giFC a result differing from that of Sir H. Davy. 
On the whole, however, I am inclined to believe the re- 
sults of his experiments less liable to fallacy than my 
own ; and adopting the number 1 1 as representative of 
phosphorus, the phosphorous acid will consist of one pro- 
portional of phosphorus =11, and one of oxygen=7.5, 
and will be represented by the number 18.5 : and the 
pho^oric acid containing one proportional of [diosphorus 
and two of oxygen, 11 + 15, will be represented by 26* 

357. When phosphorus is exposed to a moist at- 
mosphere, it undergoes an apparent deliquescence, pro- 
ducing a sour liquid composed of phosphorous and phos- 
phoric acids and water. M. Dulong has called this phos- 
phatkadd. 

358. Phosphite of Anunofiia may be obtained in de- 
licate tabular crystals, decomposable by heat, and very 
soluble. 

359. Hypophosphitc of Amfnonia has not been 
examined. 

360. Phosphate ofAinmoma is a common ingredient 
in the urine of carnivorous animals. It may be ob- 
tained pure by saturating phosphoric acid with ammonia ; 
it forms permanent octoedral crystals soluble in two 
parts of water at 60^, and of a bitterish saline taste. 
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It consists of 26 acid 

16 ammonis 

. 42 

This salt is the best source of pure phosphoric acid, 
for if it be exposed to a red heat in a platinum vessel, 
the ammonia evaporates, and the acid is obtained m Ami 
form of a transparent glass, very deliquescent and pore. 
The phosphate of ammonia for this purpose may be con- 
veniently and economically prepared by saturatii^ the 
impure acid obtained from bones (354) with carbonate 
of ammonia, filtering and evaporating to dryness. 

361. Phosphorus and Chlorine. — ^These elements 
unite in two pi'oportions, forming two definite com- 
pounds, thecfUoride and percfdoride of phosphorus. 

362. When phosphoinis is submitted to the action 
of chlorine, it bums with a pale yellow flame, - and 
produces a white volatile compound, which attaches 
itself to the interior of the vessel, and which is the per- 
chloride of phosphorus. This substance was long mistaken 
for phosphoric acid, but its easy volatility is alone suf- 

* 

ficient distinction ; it rises in vapour at 200°. It is 
fusible and crystallizable : and when brought into the 
contact of water, a mutual decomposition is effected, 
(366) and phosphoric and muriatic acids result. When 
passed through a red-hot porcelain tube with oxygen, 
phosphoric acid is produced and chlorine evolved, which 
shows that oxygen has a stronger attraction for phos- 
phorus than chlorine. 

When phosphorus is burned in chlorine, one grain 
absorbs 8 cubic inches ; so that the compound formed 
must be regarded a? containing 1 proportional of phos- 
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phorus, and 2 of chlorine, or 1 1 of phosphorus + 67 of 
chlorine, and its number is 78. 

363. With ammonia perchloride of phosphorus 
forms a singular compound, which, though consisting of 
three volatile bodies, remains unchanged at a white heat, 
and is insoluble in water. 

S64f. Chloride of Phosphorus, consisting of 11 
phosphorus + 33.5 chlorine, is procured by distilling a 
mixture of phosphorus and corrosive sublimate, which is 
a perchloride of mercury. In this experiment co/ome/, or 
protochloride of mercury, is formed, and the phosphorus 
combines with one proportional of chlorine. 

365. The chloride of phosphorus, when first 
obtained, is a liquid of a reddish colour : but it soon 
deposits a portion of phosphorus, and becomes limpid 
and colourless. Its specific gravity is 1.45. Exposed 
to the air it exhales acid fumes: it does not change the 
colour of dry vegetable blues. Chlorine converts it 
into perchloride. Ammonia separates phosphorus, and 
produces the singular triple compound before adverted 
to (363.) 

366. Chloride of phosphorus acts upon water 
with great energy, and produces muriatic BXidphosphorotss 
acids, whUe the perchloride produces muriatic and phos- 
pharic acids : for, as in the perchloride there are two 
proportionals of chlorine, so, in acting upon water, 
two of oxygen must be evolved, which uniting to one 
of phosphorus generate phosphoric acid. The chloride 
of phosphorus, on the contrary, containing only one pro- 
portional of chlorine, produces muriatic acid and phos- 
phorous acid, when it decomposes water, as the follow- 
ing tables show : 
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Before decomposition. 



ChlorUe 

of Pbosp. Waltr. 



1 Chlorine = 33^ 
1 Phogpho.= 11 



lHydrog. = l 3 35 
1 Oxy§^ s: 7.5 > 



After decomposition. 



MnriaUc Pkon 

Acid. Add. 



1 Chlorine = 33.5i ^, , 1 Phospho.= 11 
1 Hydrog. 



^=^f 134.5 Ph-Pl'o-; ha., 
. = 1 J 11 Oxygen =7.53 



But the phosphorous acid, thus produced, always con- 
tains water, which it throws off when heated in ammonit, 
forming, with that alcali, a dry phosphite. This expe- 
riment shows that the hydrophosphorotis acid consists 
of 2 proportionals of phosphorous acid = 37 + 1 water 
= 8.5. 

367. Phosphorus and Iodine. — ^When these sub- 
stances are brought together in an exhausted vessel, they 
act violently, and form a reddish compound ; the iodidi 
of phosphorus decomposes water with great energy, and 
produces phosphorous and hydriodic acids (257.) It 
consists of 11 phosphorus + 117.7 iodine. 

368. Peiiodide of phosphorus is a black compound, 
formed by heating one part of phosphorus with rather 
more than 20 of iodine. It consists, according to Dr. 
Thomson, of 1 proportional of phosphorus h- 2 of iodine. 
It does not decompose water. 

369. PJiosphorus and Hydrogen. — PhospkurctUd 
Hydrogen. — Hydroguret of Phosphorus. — When phos- 
phorus is presented to nascent hydrogen, two gaseous 
compounds result. The one inflames spontaneously 
upon the contact of the atmosphere. This may be 
procured by heating phosphorus in a solution of 
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caustic potassa ; or better, by acting upon phospkuret 
of lime (636) by dilute muriatic acid. In the former 
case about a quarter of an ounce of phosphorus should 
be introduced into a small retort, capable of holding 
about four ounces of water ; it diould then be com- 
pletely filled with a moderately strong solution of po- 
tassa, and the beak being placed under the shelf of the 
pneumatic apparatus, the heat of an Argand lamp care** 
fidly applied till it boils : gas will gradually be generated 
so as to expel a portion of the alcaline solution, and 
ultimately to bubble up through die water. 

370. For obtaining this gas by the second process. 
Dr. Hiomson giTCs the following directions : Fill a small 
retort with water acidulated by muriatic acid, and then 
ttirow into it a quantity of phosphuret of lime in lumps. 
Plunge the beak of the retort under water, and place 
over it an inverted jar filled with that liquid. Phosphu- 
retted hydrogen gas is extricated in considerable quan- 
tity, and soon fills the glass jar. Half an ounce of phos- 
phuret of lime yields about 70 cubic inches of this gas. — 
Thomson's System, Vol. i., 272. 

371. This gas is colourless, has a nauseous odour 
like onions, a very bitter taste, and inflames when mixed 
with air, a property which it loses by being kept over 
water : water takes up about two per cent, of this gas, 
and acquires a bitter taste, and the smell of onions. 

372. When bubbles of phosphuretted hydrogen are 
sent up into a jar of oxygen, they bum with greatly in- 
creased splendour ; in chlorine too they bum with a beau- 
tiful pale blue light, forming muriatic acid and per- 
diloride of phosphorus. In a narrow tube it may be 
mixed with oxygen without exploding, in which case 
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it is deprived of its phosphorus without suffering aof 
change of bulk. It burns when thrown up into nitrous 
oxide. 

373. For our knowledge of the composition of 
this gas» we are chiefly indebted to Dr. Thomson, who 
has shown that the hydrogen suflfers no change of bulk in 
uniting to the phosphorus; so that the difference of 
weight between this gas and pure hydrogen, indicates the 
weight of phosphorus : 100 cubic inches of phosphuretted 
hydrogen weigh 27 grains ; hence the gas may be re- 
garded as containing one proportional of phosphorus and 
one of hydrogen, or 11 + 1 = 12. 

When phosphuretted hydrogen is mixed with oxygeD» 
it requires a volume and a half of the latter gas for ite 
perfect combustion ; and as the hydrogen would require 
half its volume of oxygen for the production of water, 
the remaining volume must unite to the phosphorus to 
produce phosphoric acid. 

374. Bihydroguret of Phosphorus. — HydraphoS' 
phoric Gas. — The next compound of phosphorus and hy- 
drogen has been called, by Sir H. Davy, hj/drophosphork 
gasj. It is procured by heating the solid hydrophospho- 
reus acid in a very small retort. The gas must be col- 
lected over mercury, for water absorbs one-eighth its 
volume. Its specific gravity to hydrogen is as 13 to 1. 
100 cubical inches weigh 29.25 grains. It is not 
spontaneously inflammable, but explodes when heated 
with oxygen. It inflames spontaneously in chlorine, one 
volume requiring four of chlorine for its perfect com- 
bustion. Its smell is less disagreeable than the former. 

Br 

It consists of 2 of hydrogen and 1 of phosphorus 2 -h 1 1 
= 13 ; but the two volumes of hydrogen are condensed 



5 = water. 
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into one ; consequently, when the gas is decomposed, as 
for instance, by subliming sulphur in it, two volumes of 
sulphuretted hydrogen are formed. 

375. When hydrophosphorous acid is decomposed 
for the production of this gas, phosphoric acid is always 
generated. Hydrophosphorous acid has been stated 
(366) to contain two proportionals of phosphorous acid 
+ one of water. Hence the elements 

22 phosi^onis C , . 

« ^ < = phosphorous acid, 

15 oxygen ( 

7.5 do. 

1 hydrogei 

or 45.5 parts of hydrophosphorous acid contain 

22 phosphorus 

22.5 oxygen 

1 hydrogen. 

The three proportionals of oxygen=22.5 will require 
one proportional and a half of phosphorus =16.5, to 
form' [diosphoric acid ; and the remaining half propor- 
tional of phosphorus will unite to the one of hydrogen to 
form hydrophosphoric gas. 

To avoid fractions the phsnomena may be stated thus : 
Four proportionals of hydrophosphoric acid contain 

4 phosphorus =: 44 

4 oxygen =: 30 

2 do. 1 in the = 15 

2 hydrogen J water = 2 

The whole of the oxygen, amounting to 6 propor- 
tionals (f. «., 7.5 X 6=: 45), unites to three propor- 
tionals of phosphorus (11 x 3:= 33), to form phosphoric 
acid. The two of hydrogen =2, combine wifli the re- 
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maining proporti<mal of phMphenisss 11 to form hydro- 
phosphoric gas. 

376. Phosphorus and Nitrogen produce no defi* 
nite compound, though in some cases of animal decom- 
position the evolved nitrogen appears to hold phosphomi 
in solution. 

377. Phosphorus and Sulphur may be readily 
united by fusion in an exhausted vessel. When onepro^ 
portional of phosphorus is united to one of sulphur 
(11 + 15) 9 the compound bears a high temperature witii- 
out decomposition. It is a crystallizable solid at tem- 
peratures below 50°. — Faraday. Journal of Sdemx^ 
Vol. iv. p. 361. 

378. By acting upon fosed phosphorus by the 
Voltaic spark, it always affords a small portion of by- 
drogen gas ; this gas is also evolved from it, as from sul- 
phur (343) during its union with some of the metals.- 



Section V. Carbon, 

379. The purest form of this elementary substance 
is the diamond, a mineral body first discovered in Asia, 
in the provinces of Golconda and Visapour in Bengal, 
and in the island of Borneo. About the year 1720 dia- 
monds were first found in the district of Serra Dofrio, in 
Brazil. They always occur in detached crystals in allu- 
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¥ud soil Hie priimtive form <tf tiie diamond is the re- 
gular octoedron, each triangular facet of which is some- 
times replaced by mx secondary triangles, bomided by 
curved Hnes; so that tiie crystal becomes spheroidal, 
and presents 48 facets. Diamonds, with 12 and 24 
facets, are not uncommcm. (Jameson's Mineralogy, 
2d edit Vol. i. p. 1). The diamond has been found nearly 
of all colours : those which are colourless are most 
esteemed ; then those of a decided red, blue, or green 
tint Black diamonds are extremely rare. Those which 
are slightly brown, or tinged only with other colours, 
are least valuable. The fracture of the diamond is foli- 
ated, its laminse being parallel to the sides of a regular 
octoedron. It is brittle and very hard; its specific 
gravity is 3.5. 

380. The art of cutting and polishing diamonds, 
though probably of remote antiquity in Asia, was first 
introduced into Europe, in 1456, by Louis Berghen, of 
Bruges, who accidentally discovered that by rubbing 
two diamonds together, a new facet was produced. The 
particular process of forming the rough gems into bril- 
liants and rose diamonds has been described at length by 
Jeffries, (Treatise on Diamonds and Pearls, 3d edit. 
London, 1800). By either of these processes, but es- 
pecially by the former, so much is cut away, that the 
weight of the polished gem does not exceed half that of 
the rough stone ; so that ihe value of a cut diamond is 
esteemed equal to that of a similar rough diamond of 
twice the weight, exclusive of the cost of workman^ip. 
The weight, and therefore the value of diamonds, is esti- 
mated in carats, 150 of which are about equal to one 
ounce troy, or 480 grains. They are divided into 
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halves, quarters, or carat grains, eigbtb, sixteenth, taA 
thirty-second parts. 

381. The difference of value between one diamond 
and another, is, generally speaking, as the squares of thds 
respective weights : thus, the value of three diamonds, of 
one, two, and three carats' weight respectively, is as one^ 
four, and nine. The average price of rough diamonds 
is estimated by Jeffries, at £2. per carat ; and^ conse- 
quently, when wrought, the cost of the first carat, exchi^ 
sive of workmanship, will be .£8., which is the value of 

a rough diamond of two carats. 

£ 

A wrought diamond of three carats is worth. ... 72 

4 caraU. 128 

6 ditto 200 

10 ditto 800 

20 ditto 3,200 

30 ditto 7,200 

40 ditto 12,800 

50 ditto 20,000 

60 ditto 28,800 

100 ditto 80,000 

This mode of valuation, however, only applies to 
small diamonds, in consequence of the difficulty of find- 
ing purchasers for the larger ones. 

382. The largest known diamond is probably that 
mentioned by Tavemier, in the possession of the Great 
Mogul. Its size is about that of half an hen's egg ; it is 
cut in the rose form, and when rough, is said to have 
weighed 900 carats. It was found in Golconda about 
the year 1550. 

Among the crown jewels of Russia is a magnificent 
diamond, weighing 195 carats. It is the size of a small 
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pigeon's egg, and was formerly the eye of a Bralmiinicnl 
idol, whence it was purloined by a French soldier ; it 
passeil through several hands, and was ultimately pur- 
chased by theEmpress Catherine for the sum of j£90,000. 
in ready money, and an annuity of ^fi^.OOO. 

Perhaps the most perfect and beautiful diamond hi- 
therto found, is a brilliant brought from India by an 
English gentleman of the name of Pitt, who sold it to 
the Regent Duke of Orleans, by whom it was placed 
among the crown jewels of France. It weighs ratlier 
morethan 136 carats, and was purchased for .£100,000. 
383. Anotlier form of carbon is charcoal, the purest 
variety of which is lamp-black. 

Charcoal may be prepared by heating pieces of wood, 
covered with sand, to redness, and keeping tliem in that 
stale for about an hour. They are converted into a 
black brittle substance, which appears to be the same 
from whatever kind of wood it has been procured. 

Common charcoal employed as fuel is usually made of 
oak, chestnut, elm,'beech, or ash wood.tlie white and resin- 
ous woods being seldom used. Young wood affords a bet- 
ter charcoal llian large timber, which is also too valuable 
to be thus employed. It is formed into a conical pile, 
which being covered with earth or clay, is suffered to 
burn with a limited access of atmospheric air, by which its 
complete combustion, or reduction to ashes, is preventeti. 

Another, and a more perfect mode of preparing char- 
coal, consists in submitting it to a red heat in a kind of 
distillatory apparatus consisting of cast iron cylinders, 
from which issue one or more tubes for the escape of 
gaseous matters. The makers of gunpowder particu- 
larly prefer this process, (A plate of this apparatus is 
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given by Mr. Parkes, in his Chemical Eiuajfs.) — See 
Prefatory History of Chemistry, p. 47. 

385. Lamp-black is prepared principally by turpen- 
tine manufacturers from refuse and residuary resin, whidi 
is burned in a furnace, so constructed, that the dense 
smoke arising from it may pass into chambers hung with 
sacking, where the soot is deposited, and from time to 
time swept off, and sold without any further preparation. 
(Aikin's Dictionary. Art. Charcoal.) Whenlan^ 
black has been heated red hot in a close vessel, it may 
be considered as very pure carbon. 

386. The quantity of charcoal obtained from dif- 
ferent kinds of wood is liable to much variation. * From 
100 parts of the following woods, Messrs. Allen and 
Pepys obtained the annexed quantities of charcoal*-^ 
PhU. Trans. 1807. 

Beech 15.00 

Mahogany 15.75 

Lignum Vitee 17.25 

387. Charcoal is a black, insoluble, inodorous, in- 
sipid, brittle substance ; an excellent conductor of elec- 
tricity, but a bad conductor of heat ; unchanged by 
the combined action of air and moisture at common 
temperatures ; infusible ; and easily combustible in 
oxygen gas. It is capable of destroying the smell 
and taste of a variety of vegetable and animal sub- 
stances. (LowiTZ, CreWs Annals^ Vol. ii. p. 165). 
The use of charring piles ; of throwing charcoal into 
putrid water ; of wrapping it in clothes that have ac- 
quired a bad smell ; of adding it to port wine, with a 
view of making it tawny ; depends iq)on the above pro- 
perties. 



Oak J 17.40 

Fir 18.17 

Box 20.25 
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388. Newly-made charcoal has the property of 
absorbing certain quantities of the different gases. Upon 
this subject the experiments of M. Theodore de Saussure 
are the most recent. (Thomson's Amuds^Vol. vi.) The 
charcoal was heated red hot, then suffered to cool under 
mercury, and introduced into tti^ ^. The following 
are the volumes of different gases absorbed by a volume 
of charcoal = 1. 



Ammonia 90 

Mariatic acid 85 

Sulphurous acid 65 

Sulphuretted hydrogen . . 55 

Nitrous oxide 40 

Carbonic acid 95 



Bicaiburetted hydrogen 35 

Carbonic oxide 9«42 

Oxygen 9.25 

Nitrogen .*. • 7.5 

Carbnretted hydrogen . . 5 
Hydrogen #•••• 1 .75 

The absorption was always at its maximum at the end 
of 24» hours. 

389. The results of these experiments are widely 
different from those of Count Morozzo, (Journal de 
Physique, 1783) and of M. Rouppe {Armodes de Chmiie, 
Vol. xxxii.) It would also appear, that this property de- 
pends upon the mechanical texture of the charcoal, and 
consequently will vary in the diflerent woodar ; for by ex- 
posing the charcoal of different woods t6 air, Allea 
and Pepys found that they increased very differently in 
weight. 

By a week's exposure. Charcoal from 

Lignum Vit« gained 9.6 per cent. 

Fir 13.0 ditto 

Box 14.0 ditto 

Beech 16.3 ditto 

Oak 16.5 ditto 

Mahogany 18.0 ditto 

The matter absorbed in these cases consisted princi- 
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pally of aqueous vapour, which is very greedily imbibed 
by newly-made charcoal. 

390. Carbon and Oxygen. — There are two own- 
pounds of carbon and oxygen ; the carbonic oxide and 
the carbonic acid. 

391. Carbonic Oxide is usually obtained by subject- 
ing carbonic acid to the action of substances which ab- 
stract a portion of its ox/gen. Upon this principle, car- 
bonic oxide gas is produced by heating in an iron retort 
a mixture of chalk and charcoal ; or of equal wei^ts of 
chalk and iron or zinc filings. It is also obtained by heat- 
ing a mixture of equal parts of oxide of zinc, and char- 
coal ; but the mixture that affords it most pure, is equal 
parts of carbonate of baryta and clean iron filings; theie 
should be introduced into a small earthen retort, so aS' 
nearly to fill it, and exposed to a red heat : the first por- 
tion of gas being rejected as mixed with the air of die 
retort, it may afterwards be collected quite pure. Hie 
gas should be well washed with lime-water, and may be 
preserved over water. The nature of this gas was first 
made known by Mr. Cruickshanks, of Woolwich, in 
1802 (Nicholson's 4fto Journal^ v.) ; and about the same 
time it was examined by Messrs. Clement and Desormes. 
Annates de Chimie, xxxix. 

392. Its specific gravity to hydrogen is as 13.2 to 
1 ; 100 cubical inches weighing 29.7 grains. It is fatal 
to animals, extinguishes flame, and bums with a pale 
blue lambent light, when mixed with, or exposed to, at- 
mospheric air. 

393. When a stream of carbonic oxide is burnt under 
a dry bell-glass of air or oxygen, no moisture whatever 
is deposited, showing that it contains no hydrogen. 
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39i^. When two volumes of carbonic oxide, andt>ne 
of oxygen, are acted on by the electric spark, a deto- 
nation ensues, and two volumes of carbonic acid are 
produced. Whence it appears, that carbonic acid con- 
tains just twice as much oxygen as carbonic oxide, 
which may be considered as a compound of one volume 
of oxygen and one volume of gaseous carbon; or of 
one proportional of carbon and one of oxygen, the latter 
being so expanded as to occupy two volumes. 

395. Carbonic oxide suffers noxhange by being 
passed and repassed through a red-hot porcelain tube ; 
nor is it decomposed at high temperatures by phos]^nis, 
sulphur, nor even, according to the experiments of Sans- 
sure, by hydrogen. (Journal de Physique^ Iv.) None of the 
metals exert any action upon this gas, except potassium 
and sodium, which, at a red heat, bum in it by abstracting 
its oxygen, and carbon is deposited. 

396. The representative number of carbon, as ob- 
tained by considering this gas a compound of one pro- 
portional, and one of oxygen, is 5.7 ; and 5.7 carbon 

•h 7.5 oxygen = 13.2 carbonic oxide. 

397. Carbonic oxide and chlorine combine and 
produce Chlorocarbamc acid or. Phosgene gas, as it has 
been termed by its discoverer Dr. John Davy, in conse* 
quence of the mode of its production. 

By exposing a mixture of equal volumes of chlorine 
and carbonic oxide to the action of light, a conden- 
sation = 0.5 takes place. The compound has a peculiar 
pungent odour. It is soluble in water, and is resolved 
into carbonic and muriatic acid gases. The weight of 
chloro-carbonic acid to hydrogen is as 46.7 to 1. 100 
cubical inches weigh 105.075 grains. It condenses four 
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imo$ iU volume of ammomacal gas* producing a peculiar 
compound of a white colour.— *PM. Trails. 1807. 

398. Carbonic add may be obtained by burning 
carbon, either pure charcoal or the diamond, in oxygen 
gas : the oxygen suffers no change of bulk, so that the 
composition of carbonic acid is easily leanied by com- 
paring its wei^t with that of an equal Fokime of pure 
oxygen. 100 cubic inches of oxygen weigh 33.75 
grains : 100 cubic inches of carbonic acid weigh 46.511 
grains : hence 100 cubical inches of carbonio acid must 
consist of 33.75 grains of oxygen, -f 12.83 girains of 
carbon, and 12.83 : 33.75;: 5.7 : 15. Hence 1 pro- 
portional of charcoal s= 5.7 -f 2 propmtionals of oxy- 
gen = 15 will constitute carbonic acid, represented bj 
the number 20.7, or by the following symbol : 



(/«rbun 


Oxygen 


5.7 


7.5 




7.5 



Carbunic Acid. 



I = 20.7 



399. It is not evident to whom the combustibility 
of the diamond first occurred ; but in the year 1694 the 
Florentine Academicians proved its destructibility by 
heat by means of a burning lens. The products of its 
combustion were first examined by Lavpisier in 1772, 
and subsequently with more precision by Guyton Mor- 
veau, in 1785. (Annates de Cfdmie, xxxi.) In 1797, 
Mr. Tennant demonstrated the important fact, that when 
equal weights of diamond and pure charcoal were sub- 
mitted to the action of red hot nitre, the results were in 
both cases the same ; and in 1807 the combustion of the 
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cliainond in pure oxygen was found by Messrs. Allen and 
Pepys to be attended with precisely the same results as 
the combustion of pure charcoal. Hence the inevitable 
inference that charcoal and the diamond are similar sub- 
stances in their chemical nature, differing only in me- 
chanical texture. 

44X). The following apparatus may be conveniently 
employed for exhibiting the results of the combustion of 
the diamond. It consists of a glass globe, of the capa- 
city of about 140 cubical inches, iumidied with a cap, 
having a large aperture ; the stop-cock, which screws 
into this cap, has a jet, a, rising . from it, nearly into 
the centre of the globe ; this is destined to convey a 
small stream of hydrogen, or other inflammable gas. 
Two wires, c c, terminate at a very little distance from 
each other, just above this jet, and are intended to in- 
flame the stream of hydrogen by electrical sparks ; onef 
of them commences from the side of the jet, the other is 
enclosed and insulated nearly in its whole length in a 
glass tube : the tube and wire pass through the upper 
part of the stop-cock, and the wire terminates on the 
outside in a ball or ring, d, at which sparks are to 
be taken from the machine, either directly or by a 
chain. On the end of the jet is fixed, by a little 
socket, a small capsule, b, made of platinum foil. This 
capsule is pierced full of small holes, and serves as a 
grate to hold the diamonds. Its distance is about three- 
quarters of an inch from the end of the jet ; and the arm, 
by which it is supported, is bent round, so that the 
stream of hydrogen shall not play against it. The stop- 
cock screws, by its lower termination, on to a small 
piHar, fixed on a stand, and at the side of Hm pillar is an 
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aperture by which a bladder filled wiUi gas may 1 
connected witli the apparatus. 

On using the apparatus, the diamond is to be placed 
in the capsule ; and then the globe being screwed on to 
tlic stop-cock, tlie latter is to be removed from the 
pillar and placed on the air-pump ; the globe is then to 
be exhausted, and afterwards filled with pure oxygen: 
■OP, lest the stream of oxygen in entering should blow 
away the diamond, the globe may be filled with the gai 
first, and then, dexterously taking out the stop-cock for 
a short time, the diamonds may be introduced and the 
stop-cock replaced. The apparatus is then to be fixed 
on the pillar, and a bladder of hydrogen gas attached to 
the aperture. Now, passing a current of sparks be- 
tween the wires, a small stream of hydrogen is to be 
thrown in, which inflaming, immediately heats the cap- 
sule and diamonds white hot ; tlie diamonds will then 
enter into combustion, and the hydrogen may be imine>4 
diately turned oil' and tlie bladder detached. The dia*f 
monds will continue to burn, producing a strong wliitvl 
heat, until so far reduced in size as to be cooled too low. J 
by the platinum with which they lie in contact. 

When the flame of hydrogen is used to heat the ditt 
monds, it is evident a little water will be found in 1 
globe, but tliis is of no consequence except in attempts ti 
detect hydrogen in the diamond ; the inconvenience miq 
be obviated, if required, by using the flame of carbonic 
oxide. As, however, no hydrogen has at any time been 
detected in the diamond, it is better to use tliat gas m 
tlic heating agent ; for then the carbonic acid, produced 
by the combustion, is unmixed with that from any other 
source, and may be collected, and its quantity ascertaiiu 
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401 . The following method of illustrating the products 
of the combustion of thediamondwasemployedby Messrs. 
Allen and Pepys (Phil. Trans. 1807) : a a are mercurial 
gasometers, one of which is filled with pure oxygen gas. 
The brass tabes b b, properly supplied with stop-cocks, 
issue from the gasometers, and are connected with the pla- 
tinum tube c c, which passes through the small fiimace d. 
c is a glass tube passing into the mercurio-pneumatic appa- 
ratus, by which die gas may be dra¥m out of the gaso* 
meters into convenient receivers. A given weight of 
diwiond is introduced into the centre of tiie platinum 
tube, which is then heated to bri^t redness, and the 
gas passed over it, backwards and forwards^ by alter* 
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nately compressing the gasometers. Carbonic acid is 
soon formed, and it will be found that the increase of 
weight sustained by the oxygen is equivalent to that 
lost by the diamond ; that tlie oxygen undergoes no 
change of bulk ; and that the results are, in all respects, 
similar to those obtained by a similar combustion of 
perfectly pure charcoal. 




402. Carbonic acid is a most abundant natural 
product ; the best mode of procuring it for experiment 
consists in acting upon marble (643) (carbonate of lime) 
by dilute muriatic acid. 

For this purpose the marble, in small fragments, is 
introduced into the two-necked bottle a, and covered 
with water ; muriatic acid is then slowly poured down 
the funnel i, which causes an immediate effervescence, 
attd the gas passes through the bent tube c, into the 
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inverted jar d. When the action ceases, it may be 
renewed by the addition of fresh acid, until the whole of 
the marble is dissolved. 




403. Carbonic acid may be collected over water, 
but must be preserved in vessels with glass-stoppers, since 
water, at common temperature and pressure, takes up its 
own volume : under a pressure of two atmospheres it dis- 
solves twice its volume, and so oil It thus becomes 
brisk and tart, and reddens delicate vegetable blues. 
By freezing, boiling, or exposure to the vacuum of the 
air-pump, the gas is given off. 

404. The effervescent quality of many mineral waters 
is referable to the presence of this gas, and they are often 
imitated by condensing carbonic acid into water, either 
by a condensing pump, of which a description is given by 
Mr. Pepys (Quarterly Journal of Science and Arts, Vol. 
iv. p. 305) or by a Nooth's apparatus, as represented in 
the following wood-cut. It consists of three vessels, the 
lowest, a, flat and broad, so as to form a steady support ; 
it contains the materials for evolving the gas, such as 
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pieces of marble and dilute muriatic acid, of which fresh 
supplies may occasionally be introduced through the 
stopped aperture. The gas passes through the tube b , 
in which is a glass valve opening upwards, into the 
vessel c, containing the water or solution intended to be 
saturated with the gas, and which may occasionally be 
drawn off by the glass stop-cock. Into this dips flie 
tube of the uppermost vessel d^ which occasions some 
pressure on the gas in c, and also produces a circulation 
and agitation of the water. At the top of d is a heavy 
conical stopper, which acts as an occasional valve, and 
keeps up a degree of pressure in tlie vessels. 
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405. Carbonic acid ia murefpirable, and it extin- 
goishea flame. Ita weight may be diown by placii^ a 
lighted taper at the bottom of a tall glass jar, and then 
poaring the gas out of a bottle into it, in the manner of 
a liquid ; it descends and extingoishes the flame, and 
win remain a long time in the lower part of the vessel. 
Hence in wells, and in some caverns, carbonic acid 
frequently occupies the lower parts, while the upper 
parts are free from it. The minav call it chaai damp. 

406. The presence of carbonic acid is instantly 
detected by Umc water (621), which it renders turbid, 
and causes a deposit of a white matter, which is cordoiiafe 
of line. The addition of water, saturated with carbonic 
acid, to lime water, also occasions a milkiness from the 
same cause. If excess, either of the gas or of its aque- 
ous solution, be added to the lime water, the precipitate 
is re-dissolved, carbonate of lime being soluble iq car- 
bonic acid (64S.) 

407. As all common combustibles, such as coal, 
wood, oil, wax, tallow, ^c, contain carbon as one of 
their component parts, so tiie combustion of tfiese bodies 
is always^ attended by the production of carbonic acid. 
It is also produced by the respiration of animals; 
hence it is detected, often in considerable proportion, in 
crowded and illuminated rooms, which are ill ventilated, 
and occasions diflksulty of breathing, giddiness, and 
faintness. In tiie atmosphere it may also be detected 
(303), var]ring in quantity from 1 to 0.1 per cent. 

406. As carbonic acid is usually retained in com- 
bination by very feeble aflinity, so it is evolved from 
most of the carbonates by the simple operation of heat. 
Thus chalk, when heated, gives out carbonic acid, and 
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becomes qukklme. It is also e^oWed from its com- 
binations by most of the other acids ; and if nitric, 
muriatic, or sulphuric acid, be poured upon the carbo- 
nates, the presence of carbonic acid is indicated by 
effervescence. 

409. In Section 39S, the nature of carbonic acid 
has been synthetically demonstrated. It may be analjrzed 
by the action of the metal potassium, which is capable 
of abstracting its oxygen, and, with the aid of beat, 
bums in it with great splendour ; charcoal is deposited, 
and an oxide of potassium is formed. In this and in some 
other cases, oxygen is seen alternately producing acid 
and ateali. If carbonic acid, obtained by burning the 
diamond m oxygen, be thus decomposed by potassium, 
the carbon makes its appearance in the form of ehareoai, 
equal in wei^ to the diamond consumed. 

410. There are some other substances which, at 
high temperatures, are capable of decomposing carbonic 
acid, and abstracting part of its oxygen ; thus, if a 
mixture of two parts of hydrogen and one of carbonic 
acid, by volume, be passed through a red-hot tube in 
the apparatus represented at page 364, water is formed, 
and carbonic oxide passes into the receiver d, mixed 
with the excess of hydrogen. 

411. If carbonic acid be passed over red-hot char- 
coal, it becomes converted into carbonic oxide, by taking 
up an additional proportioa of base. The blue flame, 
often seen upon the surface of a charcoal fire, arises 
from the combustion of the carbonic oxide fonned in 
this way ; the air entering at bottom, forma, carbonio 
acid, which, passing through the red'^t charcoal^ 
becomes converted into carbonic oxide. 
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412. At a bright red heat, iron decomposes carbo- 
nic acid, by abstracting a portion of its oxygen* and 
forming oxide of iron and carbonic oxide. 

413. Carbank add and ammwia— Carbonate of 
ammonia. — These gases readily combine, and produce 
one of the most useful and best known of the am- 
moniacal compounds. 

When one volume of carbonic acid and two volumes 
of ammonia are mixed in a glass vessel, over mercury, 
a complete condensation ensues, and a carbonate of 
ammonia is produced. 

It consists of 16 ammonia + 20.7 carbonic acid, and 
is represented by 36.7. 



Carbonic Acid 
20.7 


Ammonia 
16 





=36.7 



414. If water be present, it so far overcomes the 
elasticity of the gas, as to enable the salt formed to take 
up another volume of carbonic acid, and thus a bi- 
carbonate is formed. 

415. Carbonate of ammonia crystallizes in octoe- 
drons, though it is generally met with in cakes broken out 
of the subliming vessel, being obtained by sublimation 
from a mixture of muriate of ammonia and carbonate 
of lime. 
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The rertilts, however, of this decomposition are not, 
strictly speaking, carbonate of ammonia and muriate of 
lime, but carbonate of ammonia, water, and diloride of 
calcium, the two former being in combination, so that 
a hydrated carbonate of ammonia is always obtained. 

Supposing the materials perfectly dry, the water is 
formed by the union of the hydrogen of the muriatic 
acid with the oxygen of the lime, as shown in the 
following diagram : 



Hydrated Carbonate of Aminoiiia. 



Ammonia 



Water 



Acid. 



Mariateof ^ 
Ammooia C 



\Carboiiate 
/ of Liflif. 



Muriatic )Hvdroi^n 
Acid ) Cnlorine 



Ox 
C 



hrjr^nC 
alciam( 



Lime 



"^ -.^^ 



Chloride of Calcium. 

416. Mr. Richard Phillips has shown {Quarterly 
Journal^ vii. 294) that the carbonate of ammonia of com- 
merce, the ammonue subcarbonas of the Pharmacopma, is 
a compound of 

3 Proportionals of Carbonic acid.. 20.7 x 3 =r 62.1 

2 Ditto Ammonia 16 x 2 = 32 

2 Ditto Water 8.5 x 2 = 17 



111.1 



Its odour is pungent ; its taste hot and saline ; it 
reddens turmeric, and renders blues green. A pint of 
water at 60° dissolves rather less than 4 ounces. This 



CARBON AND CHLORINE. 439 

solution is directed in the Pharmacapwiay under the 
name of lAquor Ammonias Subcarbonatis. 

417. By exposure to air, carbonate of ammonia 
loses its odour, and ceases to act upon turmeric paper. 
In this state it may be considered as an hydrated bi- 
carbonate ofammomaj and is composed, according to 
Phillips, of 

2 Proportionals of Carbonic acid •• 20.7 x 2 = 41.4 

1 Ditto. ••••••••• Ammonia. • • • • • ^16 

2 Ditto Water 8.5 X 2 = 17 



74.4 



Omitting the water, therefore, it appears that (here 
are three compounds of carbonic acid and ammonia. The 
carbonate composed of 1 proportional acid + 1 base ; 
the sesqui-carbonate composed of 1 .5 acid + 1 base ; 
and the bi-carbonate of 2 acid + 1 base. 

418. Carbon and Chlorine. — Mr. Faraday has 
ascertained that, by exposing carburetted hydrogen, 
mixed with great excess of chlorine, to the action of 
light, a white crystalline substance is formed, which, 
when purified by washing with water, is a perchloride 
of carbon. This substance is nearly tasteless; its 
odour resembles camphor; its specific gravity is 
about 2 ; it is a nonconductor of electricity. It is 
volatile, and in close vessels fuses at 32(fy and boUs 
at 860^. It is not very combustible, but bums when 
held in the flame of a spirit lamp, with the emission of 
much smoke and acid fumes. It is insoluble in water, 
but readily soluble in alcohol and ether ; these solutions 
deposit arborescent and quadrangular crystals. It also 
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dissolves in volatile and fixed oils. It is scarcely acted 
upon by alcaline and acid solutions ; but most of the 
metals decompose this substance at a red heat. Potassitim 
bums brilliantly in its vapour, causing the deposition of 
carbon, and the production of chloride of potassium. 
The metallic oxides also decompose it at high tempera- 
tures, producing metallic chlorides, and carbonic acid 
or oxide, according to the proportion of oxygen pre- 
sent ; no water is produced, showing the absence of 
hydrogen in the compound. It appears, from various 
analytical experiments upon this compound, among 
which may be mentioned its decomposition, by passing 
it through red-hot peroxide of copper, that 100 parts 
afford 10 carbon + 90 chlorine ; whence it would 
appear to consist of 

2 Proportionals of Carbon 5.7 x 2 s: 11.4 

3 Ditto Chlorine 33.5 x 3 = 100.5 



111.9 



419. When the above perchloride of carbon is passed 
through a red-hot tube, containing fragments of rock- 
crystal to increase the heated surface, it gives off a 
portion of chlorine, and is converted into a liquid 
protochloride of carbon. It is a limpid colourless fluid, 
specific gravity 1.55, and not combustible, except re- 
tained in the flame of the spirit-lamp, when it bums 
with a yellow flame, much smoke, and fiunes of muriatic 
acid. It does not congeal at 0° ; it rises in vapour at 
about 165^ It is insoluble in water, but soluble in 
alcohol, ether, and the oils. It is not aflfected by tlie 
acids or alcalis, nor, at common temperatures, by solo- 
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ttons of gilver. It dissolves chlorin^ iodine, sulphur, 
and phosphorus. It affords, when decomposed, 17 
carbon + 83 chlorine ; whence it may be inferred to 
consist of 

1 Proportional carbon • =: 5,1 

1 Ditto chlorine s d3ii 



39.2 



420. Carbon and Hydrogen — Carbttretted Hydro* 
gen — Olefiant Qas — Hydroguret of Carbon. — Carbon 
and hydrogen combine and form carburttted hydrogen 
gas, consisting of 1 propoitional of carbon + 1 of 
hydrogen. 

421. It is usually obtained by the decomposition 
of alcohol by sulphuric acid. For this purpose four 
parts of the acid and one of alcohol are put into a 
retort, and heated by a lamp. Soon after the mixture 
boils the gas is evolved. It may be collected over 
water ; its specific gravity to hydrogen is 13.4. 100 
cubic inches wei^ 30.15 grains. 

422. This gas is inflammable^ burning with a 
bright yellowish white flame. One part by volume 
requires, for perfect combustion, three of oxygen, and 
two of carbonic acid are produced. When sulphur 
is heated in one volume of this gas, charcoal separates, 
and two volumes of sulphuretted hydrogen result. 
As hydrog^i suffers no change of volume by combining 
with sulphur, it follows that carbureCted hydrogen 
contains two volumes of hydrogen* condensed into one, 
hence the quantity of oxygen required for its combus- 
tion, 

SPf 
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4S3. This gas is also decomposed by heat alone, 
as, by passing and repassing it through a red-hot tube 
of earthenware or metal ; it then deposits its carbon, 
and is expanded into twice its original yolume of pore 
hydrogen. 

42i. The following symbols show that one volome 
or proportional of this gas, mixed with three of oxy- 
gen, are converted into water and carbonic acid, 
the hydrogen being expanded to two volomes, or iti 
real bulk. 

Before detonation* 



C. Hydrogen 
5.7 + 1 


Oxygen 
7.5 




7.5 




7.5 



Hydrogen 
1 



After detonation. 



Carbon 




This gas, therefore, is constituted of 1 proportioDal 
of carbon = 5.7 + 1 proportional of hydrogen = 1, 
and its number is 6.7. 

435. When carburetted hydrogen is mixed with 
chlorine in the proportion of 1 to 2 by volume, the 
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mixture on inflammation produces muriatic acid, and 
charcoal is abundantly deposited ; but if the two gases 
be mixed in an exhausted vessel, or over water, they 
act slowly upon each other, and a peculiar fluid is 
formed, which appears like a heavy oil; hence this 
compound has been termed olejianl gas. 

426. Chloric ether is the term applied to this fluid 
by Dr. Thomson, who, in 1810, ascertained that its 
component partswere chlorine and carburetted hydrogen. 
It has more lately been examined by M. M. Robiquet 
and Colin (Anrialev de Chim. et Phys. Vols. i. and ii.) 
The term hydrochloride of carbon may properly be 
applied to it. It may be formed by allowing a current 
of each gas to meet in a proper receiver ; there should 
be excess of olefiant gas, for if the chlorine he in excess, 
the liquid absorbs it. It is transparent and colourless ; 
its taste, sweet and somewhat acrid ; its specific gravity 
= 1.2. It boils at 152°. It bums with a green flame, 
evolving muriatic acid, and largely depositing charcoal. 
As it is produced by equal volumes of chlorine and car. 
buretted hydrogen, it is probably a compound of one 
proportional of chlorine and two of carburetted hydro- 
gen ; or of 

CUoruK 33,5 

CirtMD IM 

Hydrogen , , . , 2 



427. From some recent experiments made at the 
Royal Institution by Mr. Faraday, it appears that, by 
exposing this hydrochloride of carbon to the action 
of excess of chlorine, muriatic acid and chloride of 
carbon are the results. 
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428. When iodine and carburetted hydrogen are 
exposed to the action of light, they combine, and fonn 
a hydrbdide of carbon. This compound was first ob- 
tained in the Laboratory of the Royal Institution, by 
Mr. Faraday; and, reasonin|^* analogically upon the 
facts already stated, in respect to the chloride of carbon, 
it is probable that it may lead to the discovery of an 
iodide of carbon, but that compound has not as yet been 
formed. 

The hydriodide of carbon is a white crystalline solid, 
volatile without decomposition, and in many respects 
analogous to the hydrocliloride of carbon ; its taste if 
sweet, and its odour aromatic. 

429. A gas, containing carburetted hydrogen, ii 
often generated in stagnant ponds ; and by passing the 
vapour of water over red-hot charcoal, or by distilling 
moist charcoal in an iron retort, at a red heat, and 
washing the gas thus afforded in time-water, by which 
the carbonic acid is separated, a similar compound is 
said to be obtained. 

The specific gravity of these gases is liable to great 
variation, 100 cubical inches weighing from 12 to 20 
grains. 

They burn with a paler flame, and require less oxygen 
than defiant gas for perfect combustion. 

430. It has generally been stated that these gases 
contain a definite compound of 1 proportional of carbon 
and 2 of hydrogen, to which the term bi-hj/droguret of 
carbon, or light hi/drocarbonate, has been applied. From 
many experiments, however, on this subject, I am induced 
to consider them as mixtures of carburetted hydrogen 
and hydrogen, since I have never been able to obtain 
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any other definite compound of carbon and hydrogen, 
than defiant gas ; and since they may be imitated by 
mixtures of defiant and hydrogen gases, of the same 
specific gravities. 

431. These mixtures are abundantly produced dur- 
ifig the destructive distillation of common pit-coal ; 
and the gas thus obtained is employed for the purposes 
of illumination, as an economical substitute for tallow, 
oil, ^c. This process is carried on upon a very extensive 
scale in London, in several public and many private esta- 
blishments. The coal is placed in oblong cast-iron cylin- 
ders, or retorts^ which are ranged in furnaces, to keep 
tfaem at a red heat, and all the volatile products are con- 
veyed by a common tube into o, condensing vessel^ kept 
cold by immersion in water ; and in which the water, tar, 
ammonidcal, and other condensible vapours, are retained; 
the gaseous products consist principally of carburetted 
hydrogen, sdphuretted hydrogen, and carbonic oxide, 
and acid : these are passed through a mixture of quick- 
lime and water, in vessels called purifiers^ by which the 
sulphuretted hydrogen and carbonic gases are absorbed, 
and the carburetted hydrogen and hydrogen gases, 
transmitted sufficiently pure for use into gasometers^ 
whence the pipes issue for the supply of streets, houses, 
^c. The coke remaining in the retorts is of a very 
good quality*. 

* Mr. Parker, of Liverpool, {Phil. Mag. Vol. Hi. p. 292,) has pro- 
posed to pass the gas as it comes from the coal retorts through 
red-hot iron tubes, by which the contaminating gases and vapours 
are further decomposed, and the quantity of useful gas much 
increased. This suggestion, if it succeeded, would gpreatly diminish 
the quantity of tar, which is the only useless product ; but as car- 
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432. The average specific gravity of purified 
coal-gas is 0.4500. 100 cubical inches weigh from 
14 to 15 grains, and it may be considered as a mix- 
ture of about 55 volumes of hydrogen^ and 45 oi ole- 
fiant gas. 

433. The best kind of coal for distillation is that 
which contains most bitumen and least sulphur. The 
chaldron should yield about 12000 cubical feet of 
purified gas, of which each Argand*s burner, equal to 
six wax candles, may be considered as consuming from 
four to five cubical feet per hour. 

434. The economy of gas iHumination may be 
judged of by examining the value of the products of 
distillation of a chaldron of coals, the average cost of 
which may be considered as 3/. It should afford — 

li Chaldron of coke, at 25s l_ll 3 

24 Gallons oftar and ammoniacal liquor, at 3d. 6 
12000 Cubic feet of gas, at 155. per 1000 C.F.... 9 

jeiO 17 3 

These products are taken at their lowest value, but 
they afford ample grounds for showing the advantage 
of gas illumination, not merely for public purposes, but 
also in private establishments. It appears that where 
more than fifty lights are required, a coal-gas apparatus 
will be found profitable. 

435. Messrs. J. and P. Taylor have lately con- 
structed an apparatus for the conversion of oil into 

buretted hydrogen is decomposed at a red heat, it will obviouslj 
tend to diminish the illuminating power of the gas, though it will 
increase its quantity. 
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gas. It connsls of a famace with a eontorted iron 
tube containiiy firagmeDts of brick or coke» pass- 
ing tfaroogb it, into which, when red4iot, the oil is 
soffiered to drop ; it is decomposed, and conrerted almost 
entirely into diarcoal, which is deposited in the tube, 
and into a mixture of carboretted hydrogen, and hy- 
drogen gases, of which from two to three cubic feet 
may be regarded as equivalent to five or ux of coal- 
gas, for the production of li^iL — QtuarteHy Jotono/, 
Vol. viii. 

The commonest whale-oil, or even pildiard-dregs, 
quite unfit for burning in the usual way, afford abun- 
dance of excdlent gas, requiring no other purification 
than passing through a refrigerator, to free it of a 
quantity of empyreumatic vapour. 

436. A gallon of whale-oil affords about 100 cubi- 
cal feet of gas, and an Argand burner, equal to 
seven candles, consumes a cubical foot and a half per 
hour. The cost of a lamp, fed by oil or coal-gas, 
and giving the light of seven candles will be 3 farthings 
per hour. 

Of Argand's lamp with spermaceti oil 3d. 

Mould-candles 3|d. 

Wax-candles 14d. 

437. By a series of experiments, conducted with 
every requisite caution (Phil. Trans. 1820, p. 23,) I 
found that, to produce the light of ten wax-candles 
for one hour, there were required 

2600 cabical inches of pure caxburetted hydrogen or defiant gat. 

4875 ..«•# oil gas. 

13120 •••• coalgas. 
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438. The fitness of the gas obtained from coal for 
the purposes of illumination, iSjCeterisparibtis^ dependent 
upon the quantity of carburetted hydrogen, or olefiant 
gas, which it contains ; and, consequently, the fitness of 
the purified mixed gas for illumination, will be directly 
as its specific gravity; or, the relative proportion of 
olefiant gas may be judged of by mixing the purified 
coal gas with twice its volume of chlorine over water, 
by which the olefiant gas will be absorbed, and its 
quantity shown by the amount of the absorption which 
tikes place. 

439. Experiments, thus conducted, show that 
purified coal gas seldom contains more than 40 per 
cent, in volume of carburetted hydrogen, while ail ga» 
generally affords about 75 per ccfit. ; hence its superi- 
ority for burning, and the relatively small quantity 
consumed. 

Dr. Henry (PkU. Trans. 1808,) has given some im- 
portant experiments upon the productionof gas from coal, 
by which it appears that its composition is very various 
at different stages of the distillation. The mode of dis- 
tillation also affects the quantity and quality of the 
products. 

440. An account of the apparatus for the production 
of coal gas, and of its construction and expense, will be 
found in the Trealises on Gas Ldghts, by Mr. Accum 
and Mr. Peckston. 

441. A mixture of carburetted hydrogen and 
hydrogen is contained abundantly in coal strata, from 
fissures in which it is sometimes evolved in large 
quantities, forming what, in the language of the 
north country miners, is called a blower. When 
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this gas has accumulated in any part of the gallery 
or chamber of a mine, so as to be mixed in certain 
proportions with common air, the presence of a lighted 
candle, or lamp, causes it to explode, and to destroy, 
injure, or bum, whatever is exposed to its violence. 
The miners are either immediately killed by the explo- 
sion, and thrown, with the horses and machinery, 
throng the shaft into the air, the mine becoming as it 
were an enormous piece of artillery from which they are 
projected ; or they are gradually suffocated, and undergo 
a more painful death from the carbonic acid and nitro- 
gen remaining in the mine, after the explosion of the 
firedamp ; or what, though it i^>pears the mildest, is 
perhaps the most severe fate, they are burned or maimed, 
and often rendered incapable of labour and of healthy 
enjoyment for life. — ^Davy, en the Safety-Lamp far 
Coal Miners^ Liondon, 1818. 

Sir H. Davy, in the treatise just quoted, has given a 
sketch of different, but ineffectual, contrivances of others, 
for the prevention of these dreadful, and hitherto fre- 
quently occurring, accidents; and has described the 
train of investigation by which he was led to the dis« 
covery of a remedy at once simple and efficient, and 
whicb has already been submitted to repeated and suc- 
cessful trials. 

442. The properties of flame, and the principle of 
safety adopted in this lamp, have already been adverted 
to (192). It is obvious, from what has there been said, 
that if the flame of a common lamp be every where 
properly surrounded wiih wire-gauze, and in that state 
immersed into an explosive gaseous mixture, it will be in- 
adequate to its inflammation^ that part only being burned 
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he inflani' V 
ing power V 



which is mlkin the cage, "communication to the 
mabic iir without being prevented by thecooling 
of the metallic tissue ; so that by such a lamp the explo- 
■ive mixture will be consumed, but cannot be exploded. 
443. The opposite wood cut is a representation of 
the Safety Lamp, as recommended for general use by Sir 
H. Davy. A is acylinder of wire gauze, with a double top, 
securely and carefully fastened, by doubling over, to the 
brass rim b, which screws on to the lamp c. The whole is 
protected and rendered convenient for carrying, by the 
frame and ring n. If the cyUnder be of twilled wire- 
gauze, the wire should be at least of the thickness of one- 
fortieth of an inch, and of iron or copper, and 30 in the 
warp, and 16 or 18 in the weft. If of plain wire gauze, 
tiie wire should not be less than one-sixtieth of an indi 
in thickness, and from 28 to 30 both warp and woof.— 
Daw, 071 the Safety Lamp, p. 1 l-i, et seq. 

The operation of this lamp may be shown on a smaQ' 
' scale by suspending it in a glass jar, and then aA- 
mitting a sufficient stream of coal gas to render the 
enclosed atmosphere explosive. The Hame of the lamp 
first enlarges, and is then extinguished, the whole of the 
cage being filled with a lambent blue light ; on turning off 
the supply of gas this appearance gradually ceases, and 
the wick becomes rekindled, when the atmosphere ra--; 
turns to its natural state. 

As the safety of these lamps entirely depends upon the 
perfect state of the wire gauze, and upon the non-exis- 
tence of any aperture or channel sufficiently large to 
admit of the passage of flame, they should, when in use 
in a coil mine, be inspected daily, to ensure their sound- 



1 



1 





444. The analysis of a mixture of hydrogen with 
carburetted hydrogen, carbonic oxide, and carbonic acid, 
presents peculiar difficulties in the ordinary mode of 
proceeding ; and as it often requires to be performed 
in investigations relating to the gases used for illumina- 
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tion, it became an object to facilitate the process, for 
which I have used the following plan : 

A hundred measures of the gas are introduced into a 
graduated tube, and the carbonic acid absorbed by a 
solution of potdssa ; tlie remaining gas is then transfer- 
red to thrice its volume of chlorine of known purity, 
standing over water in a tube of about half an inch 
diameter, and exposed to daylight, but carefully 
excluded from the direct solar rays ; after 24* hours the 
carburetted hydrogen and the excess of chlorine will 
have been absorbed, and the remaining gas, consisting 
of carbonic oxide and hydrogen, may be analyzed by 
detonation with oxygen in excess ; the measure of car- 
bonic acid formed being equal to that of the original 
carbonic oxide. 

This proceeding depends upon the non-formation of 
chlorocarbonic (397) acid in a mixture of carbonic 
oxide and chlorine in the contact of water, and out oS 
the direct agency of the solar rays. Such mixture 
I have kept several days, occasionally renewing the 
chlorine as it became absorbed by the water, and have 
not observed any diminution in the bulk of the car- 
bonic oxide. In all these cases it is necessary to 
ascertain the purity of the chlorine by its absorption 
by water, and to be aware of the evolution of common 
air from water during that process. 

445. Carbon and Nitrogen — Carburet of Nitrogen 
— Cyanogen. — This gaseous compound was discovered, 
in 1815, by Gay-Lussac [Annates de Chimie^ xcv.) It 
may be obtained from dry and pure cyanuret of mer- 
cury. This substance when heated in a small glass 
tube to dull redness, becomes black, and a quantity of 
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mercury passes over and condenses in the cold part of 
the tube : the gas which is at the same time evolved, 
must be collected over mercury. 

446. It has a penetrating and very peculiar smell, 
somewhat resembhng that of bitter almonds ; it bums with 
a beautiful purple flame. Its specific gravity to hydrogen 
is 24.4 ; 100 cubic inches weighing 54.9 grains. Water 
dissolves 4.5 volumes, and alcohol 23 volumes of this gas. 
The aqueous solution reddens vegetable blues; and 
according to Vauquelin {Annates de Chin., Oct. 1818,) 
is subject to spontaneous decomposition, being gra- 
dually converted into carbonic and hydrocyanic acids, 
ammonia, a peculiar acid, which he calls the cyamc, 
and a brown substance containing carbon; the am- 
monia saturates the acids, and the carbonaceous com- 
pound is deposited. These changes are referable to 
the mutual re-action of the elements of cyanogen upon 
those of water. 

447. Cyanogen may be analyzed by detonation 
with oxygen. One volume, detonated over mercury 
with two of oxygen, produces two volumes of car- 
bonic acid, and one of nitrogen. Whence it appears 
that cyanogen consists of two proportionals of carbon 
= 11.4, and 1 of nitrogen = 13, the nitrogen having 
suffered no change of bulk by uniting with the carbon ; 
or it may be said to consist of two volumes of gase- 
ous carbon + one volume of nitrogen, the three being 
condensed into one volume. Its representative number 
is 24.4. 

The following symbols exhibit the mixture of cyano- 
gen with oxygen in the above proportions, and the 
result of their detonation : 



<14JB 



CHLOROCYANIC ACID. 



Before detonation. 

One proporliontl of Cyanogefl and four of Otygea. 



Cyanogen 
C. N. 
U.4+ 13 


Oxygen 
7.5 


7.5 




7.5 




7.5 



After detonation. 

One proportional of Nitrogen. Two proportionals of Carbonic Acid. 



Nitrogen 
13 



5.7 


Oxygen 
7.5 




7.5 


5.7 


7.5 




7.5 



448. Cyanogen and Chlorine combine and produce 
the Chlorocyank acid. M. Gay-Lussac procured this 
compound by passing a current of chlorine through a 
solution of hydrocyanic acid (452) in water, till the liquid 
discoloured a diluted solutioir of indigo in sulphuric acid. 
He then deprived it of excess of chlorine by agitation 
with mercury. To separate chlorocyanic acid from 
this liquid, he took a glass cylinder, filled it two-thirds 
with mercury, and then to the brim with the above 
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liquid, and inverted it in a basin of mercury. This 
basin and cylinder were put under the receiver of an air- 
puntp, and the air drawn out, till the mercury and liquid 
were displaced; the cylinder became filled with the va- 
pour ofchlorocyanic acid ; ou admitting the air, the 
vapour condensed into a liquid, and the raercur)- rose 
ill the cylinder. It may also be obtained by carefully 
distilling tlic liquid into a receiver surrounded by ice. 

44-i), Chlorocyanic acid thus obtained is a colour- 
'c8S and very volatile liquid, having a peculiar and irri- 
tating odour. It reddens litmus ; is not inflammable ; 
and does not form detonating mixtures either with 
oxygen or hydrogen. 

450. It appears from the researches of Gay-Lussac, 
that this acid, in its pure and gaseous state, consists of 1 
proportional of cyanogen + I proportional of chlorine, 
or S-l-.-* + 33.5 = 57.9. The gases by combination 
sufler no change of volume ; hence the following symbols 
represent its composition and volume. — Annales de 
Chitnie, xcv. 205. 



Cyanogeo 
24.4 


Chlorine 
33.6 



Chlorocyanic Acid 



'1<5I . Jodine and Ci/anogen form a volatile solid com- 
pound, which collects in fIocculi,and has an acrid taste 
and pungent smell ; it may be formed by heating iodine 
with cyanuret of mercury. — Daw, Quarl.Joum. i, 289- 

^5'2. Cyanogen and Hi/drogen — Hydrocyanic or 
Prussic acid. — This triple compound may he obtained 
by moistening cyanuret of mercury with muriatic acid, 

VOL. I. 



^MO 



HYDROCYANIC ACID. 




uid distilling at a low temperature, having 
the receiver with ice. 

4<53. A liquid is thus obtained which has a strong 
purigcTit odour, very like that of bitter almonds ; its 
taste is acrid, and it is highly poisonous. It volatilizes 
$0 rapidly as to freeze itself. It reildens litmus. The 
specific gravity of its vapour, compared with hydrogen, 
is 12,7, so that 100 cuhic inches weigh 28,575 grains; 
detonated with oxygen it gives as results one volume of 
carbonic acid gas, half a volume of hydrogen, and half 
a volume of nitrogen ; so that it consists of 1 volume of 
cyanogen + I volume of hydrogen, and its representative 
number is 25,4. 

454, The hydrocyanic acid is used in mediciae. 
and several formulie have been given for its prepa- 
ration: the following affordii the acid of a convenient 
strength, and is that which is adopted at Apothecaries' 
Hall. One pound of cyanuret of mercury is put into a 
tubulated retort with six pints of water, and one pound 
of muriatic acid, sp. gr. 1.15; a capacious receiver is 
luted to the retort, and six pints are distilled over. The 
specific gravity of the product is 0.995. As this acid in its 
dilute state sulfers partial decomposition by keeping, it 
should be prepared in small quantities oidy for pharma- 
ceutical use, and preserved in vessels excluded from light 

455. It appears from the experiments of Mr 
Porrett(PAi/. Traiui. 1814,) and from those of M, Gaj- 
Lussac {Ann. de Chim. xcv.) that cyanogen is capable 
of forming a compound witli sulphuretted hydrogea 
It may be obtained by mixing one volmne of cyanogen 
with one and a half of sulphuretted hydrogen ; they slnwii 
combine, and form a yellow crystallized coinjiound, 

456. According toDr, Thomson, Mr. Porrett obtoto- 



ed an analogous body by a much more circuitous pro- 
cess ; he has termed it mlphureited chyask add ; and Dr. 
Thomson, who regards it as consisting of cyanogen and 
sulphurouiy, calls it iS'u//)/(wcj/aKteaciri.-Sysi.V.ii.]i. 290. 
lie describes it as soluble in water; of a smell resem- 
bling vinegar ; and decomposed by repeated distillation. 
4i57. The compound described by Gay-Lussac 
consists of two proportionals of cyanogen, three of 
sulphur, and three of hydrogen ; Dr. Thomson considers 
it us containing two of cyanogen and three of sulphur ; 
tbia would give as its ultimate constituents, 

4 Proportionals of carbon 22.8 

2 of nitrogen 26.0 

3 ofsulphur 45.0 

93.B' 

458. Sir H. Davy has noticed the production 
of a compound of sulphur and cyanogen, obtained by 
beating a mixture of sul|)Iiur and cyanuret of mercury ; 
and by heating phosphorus with cyanuret of mercury, a 
lyanuret of phoaphm'us appears to be formed. 

459, Carbon and-Sulphvr — Sulphur el of Carbon. 
This is a liquid obtained by passing sulphur over red- 
hot charcoal. When purified by re -distillation, it is 
transparent, colourless, and insoluble in water, hut 
soluble in alcohol and ether ; its refractive power in 
regard to light is very considerable. Its specific gravity 
is 1.972. It boils at 106°, and does not freeze at — 60". 
It is very volatile, and has a pungent taste and peculiar 

" The substance described by Mr, Porrell is evidently distinct 
trnm that raentioned by Gay-Lussac, which is not bour. Dut the 

nature of these coniiioiinds is as yet. iniiierfuclly understood- 
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fetid odour. The cold which it produces during eva] 
ration is so intense, that by exposing a tbermomel 
bulb, covered with fine lint, and moistened with it, in 
the receiver of an air-pump, the temperature sunk, after 
exhaustion to — 80°. When a mercurial thermometer 
was used, the metal froze. 

460. Sulphurct of carbon is inflammable, and, 
burned with oxygen, produces sulphurous and carbonic 
acids. It consists of 1 proportional of charcoal and 2 of 
sLilpbuT ; 5.7 + 30 = 35.7 (Bebzelius and Marcet, 
Phil. Traits. 1813.) It was discovered by Lampadiiu, 
who called it Alcohol of Sutpfntr. — Crell's Anntdi, 
1796. ii. 

^G 1 . A portion of carburet of sulphur appears to 
frequently formed during the production of infianunable 
gas from coal (4<31), and to be retained in the state of 
vapour by the gas after its purification by lime ; such 
gas gives a strong sulphurous smell when burned, al- 
though perfectly cleansed from sulphuretted bydrogeu. 
— Brande, PhU. Trans. 1820, p. 19. 

462. Carbon and Phosphorus — Phosphurct of Ct 
bon. — To obtain this compound. Dr. Thomson directs the" 
following process: (System i. p. 276). Allow phosphurct 
of lime to remain in water, till it no longer evolves gas 
tlicn add to the liquid excess of muriatic acid, agii 
for a few moments, and throw tiie whole upon 
filter. Phosphurct of carbon remains, which is to be 
wa-iihed and dried. This compound is a soft powder, of 
a yellowish colour, without taste or smell : exposed 
to air, it slowly imbibes moisture, and acquires an acid 
flavour. ■ Exposed to a red heat, it burns, and gradually 
gives out its phosphorus, the charcoal being prevent 
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bonung by a coating of phosphoric acid. It consists of 
phosphonis 0.62 + carbon 0.38 (Thomson's Annals, 
vuL 157.) These numbers closely correspond with 
Phosphorus 1 proportional .... = 11 
Carbon 1 ditto : . « 5.7 



16.7 
It would i^>pear from the mode of obtaining this 
that it forms an ingredient in phosphurct of 
, as usually prepared. 



M[i:."!» I 



Section VI. Boron. 

463. This substance is obtained by heating in a 
copper tube two parts of the metal called potassium, 
with one of boracic acid previously (used and powdered. 
In this experiment the boracic acid, which consists of 
boron and oxygen, is decomposed by the potassium. The 
fiised matter is washed out of the tube with water, and the 
whole put upon a filter. The boron remains in the form 
of a brown insipid insoluble powder, unaltered by expo- 
sure to air at common temperatures, but when heated to 
600° it bums with much brilliancy, especially in oxygen 
gas, and produces boracic acid. It is a non-conductor 
of electricity. 

464. Boracic acid is usually obtained by dissolving 
the salt called borax in hot water, and subsequently 
adding half its weight of sulphuric acid ; as the solution 
cools, white scaly crystals appear, which, when washed 
with cold water, are nearly tasteless, and which consist 
of boracic acid combined with water, and retaining 
a little sulphuric acid, which it loses by exposure to a 
strong red heat, and fuses into a glass. 



454 BOHON. 

Boracic acid is very diflScultly soluble iu water ; the 
solution reddens vegetable blues, but possesses the sin- 
gular property of rendering the yellow of turmeric brown, 
in the manner of an alcali. Its solution in q)irit of wine 
burns with a green flame. This acid was first obtained 
by Homberg, in 1702, and was used in medicine, under 
the name of Homberg's Sedative Salt. Its nature was 
first shown by Davy, in 1807. 

465. The experiments upon the composition of 
boracic acid are much at variance. Berzelius's deter- 
mination probably approaches nearest to truth: he 
regards it as containing 1 boron + 3 oxygen (Thom- 
son's System, Vol. i. p. 249, 5th edit.) If, therefore, 
we consider it as consisting of 1 proportional of boron 
and 2 of oxygen, the number representing boron will be 
5, and boracic acid will consist of 

5. Boron. 
15. Oxygen. 

20. Boracic acid. 

466. Native boracic acid has been found in the 
Lipari islands, and also in the hot springs of Sasso, in 
tlie Florentine territory ; hence the term Sassolin ap- 
plied to it by some mineralogists. 

467. The boracic acid forms, with ammonia, a 
Borate of Ammoniay composed according to Berzelius 
{Annals of Philosophy , iii. 57,) of 

37.95 Acid. 
30.32 Ammonia 
31.73 Water. 

468. Boron burns in chlorine, but the chloride has 
not been examined, nor have its other compounds been 
investigated. 



APPENDIX, 

CONTAIVIKO 

TABLES OP WEIGHTS AND MBASUEES; TABULAR VIEW OF 

SPECIFIC GRAYITIES, 
EQUIVALENT NUMBERS, 4c. 



APPENDIX 



ENGLISH WEIGHTS AND MEASURES. 



469. 1 HE English troy pound is subdivided into twelve 
ounces, and each ounce is equal to 480 grains. The 
subdivisions of the troy ounce, called Apothecaries' 
weight, are into 8 drachms, each drachm into 3 scruples, 
and each scruple into 20 grains. The troy ounce is 
also sometimes divided into 20 pennyweights, of 24 
grains each. These are the weights generally employed 
by chemists, but for philosophical purposes ambiguity is 
most easily avoided by employing the grain as integer: 
and the laboratory should be provided with good sets 
of weights, from one thousand grains downwards ; 
the grain should be decimally subdivided into tenths 
and hundredths. 

470. The standard of most articles bought and sold 
in common life is the avoirdupois pound, which is equal 
to 7000 troy grains, and is divided into 16 ounces, of 
437.5 troy grains each. The avoirdupois ounce is 
legally divided into 16 drachms, of 27.34375 grains 
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each ; but this division is rejected in all ordinary cases, 
in consequence of the confusion likely to result between 
the troy and avoirdupois drachm, so that the term 
drachm is almost exclusively employed to denote the 
eighth part of a troy ounce, or 60 grains. 

471. For measures of capacity, the wine pint is usually 
employed, which corresponds td 28.875 cubical inches 
of water, at a temperature of 60°. It is subdivided 
into 16 ounces ; the ounce into 8 drachms. Two pints 
make a quart, and 4 quarts a gallon. 

473. The ale pint contains 35.25 cubical inches of 
water, at 60°. 

473. For chemical use the most convenient measure 
is the bulk occupied by the troy ounce of distilled water, 
which may be subdivided into 480 grains, and which 
is equal to 1 .8047 cubical inches. 

474. The length of the pendulum, vibrating seconds, 
invacuOy in the latitude of London (51° 31' 8^4 North) 
at the level of the sea, and at the temperature of 62**, 
is = 32.13929 inches of Sir George Shuckburgh's 
standard scale. — Kater, Phil. Trans. 1819, p. 415. 

475. In the following Tables are shown the subdi- 
visions of the English troy and avoirdupois pounds, and 
of the English wine gallon, and their correspondence 
with the French gramme and litre. 
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ENGLISH WEIGHTS AND MEASURES. 



476. Troy Wbiort. 



Pound. Ounces. Dmu. Scruplei 


i. Grains. 




Grammes. 


1 =: 12 = 96 = 288 


= 5760 


=: 


372.96 


1 = 8 = 24 


= 480 


r= 


31.08 


1 = 3 


= 60 


=: 


3.885 


1 


= 20 


= 


1.295 




1 


zn 


0.06475 


477. Avoirdupois Weight. 






Pound. Ounces. Drms. Grains. 




Gnunmes* 


I = 16 = 256 =: 7000 


= 


453.25 


1 = 16 = 


437.5 


=: 


28.328 


1 =: 


27.34375 


fS 


1 .7705 


478. Wine Measure. 






Gal. Pints. Ounces. Drms. 


Cub. loch. 




Litres. 


I = 8 — 128 = 1024 


= 231 


=: 


3.78515 


I = 16 =: 128 


= 28.875 




0.47398 


1 = 8 


= 1.8047 


= 


0.02957 


1 


= 0.225C 




0.00396 



FRENCH WEIGHTS AND MEASURES. 



479. The French metrical system is founded on a 
single standard of length, called a metre, and which is 
equivalent to the ten millionth part of the arc of the 
meridian, extending from the equator to the pole. The 
length of the metre, at the temperature of 32°, as ascer- 
tained by Captain Kater (PAi/. Trans. 1818,) is 39.37079 
English inches. 
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480. The French measures increase and decrease in 
decimal proportions, a distinctive prefix being put to 
the term by which the integer is called. These prefixes 
are deca, hecto, kilo^ and myria, taken from the Greek 
numerals, to express the multiplication of the integer by 
10, 100, 1000, and 10000 respectively : and ded, centi^ 
and mt//t, from the Latin numerals, to express the 
division of the integer by 10, 100, or 1000; as in the 
following Table : 



Metres. 

1 Myriametre = 10000 

1 Kilometre.. = 1000 

1 Hectometre = 100 

1 Decametre =: 10 



Metre. 

1 Metre = 1 

1 Decimetre. • = 0.1 
1 Centimetre = 0.01 
1 Millimetre.. r= 0.001 



481. The metre is the integer of the measure of 
length, and from it all measures of surface, capacity, and 
weight, are deduced as follows : 

For square dimensions, the metre, or its parts 
squared, are employed. When used for measuring 
land the term are is adopted, which is a decametre 
squared. A hectare, or 100 ares, is about equal to 
2 English acres. 

For the integer of the measure of capacity, the cubed 
decimetre is employed, under the name of litre, which 
is about equal to 2| English wine pints. 

For the integer of the measure of weight, the weiglit 
of a cubic centimetre of distilled water, at 32^, has 
been adopted : it is called a gramme, and is equal to 
15.4 English grains. 

482. The following are the principal Tables of 
French Weights and Measures, which will be found 
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useful in the laboratory. In Appendix II. of Aikin's 
Dictionary y the chemical reader will find several others, 
showing the relation of the French to the English 
standards : 

FRENCH WEIGHTS AND MEASURES. 





483. — Measures of Length. 








English inches. 






Millimetre 


= .03937 






Centimetre 


= .39371 






Decimetre 


= 3.93710 






Metre 


= 39.37100 MU. Fur. 


. Yds. 


Feet. In. 


Decametre 


= 393.71000 =00 


10 


2 9.7 


Hecatometre 


= 3937.10000 =00 


109 


1 1 


Kilometre 


= 39371.00000 =04 


213 


1 10.2 


Myriomeire 


= 393710.00000 =61 


156 


6 




484. — Measures of Capacity 


• 






Cubic inches. 






Millilitre 


= .06103 English. 




Centilitre 


= .610^8 






Decilitre 


= 6.10280 Tods. Hogs. 


. WineG. 


PinU. 


Litre 


.= 61.02800 =00 


0. 


2.1133 


Decalitre 


= 610.28000 =00 


2. 


5.1352 


Hecatolitre 


= 6IO2.8OOOO =00 


26.419 




Kilolitre 


= 61028.00000 = 1 


12.19 




Myriolitre 


= 610280.00000 = 10 1 


SS3 





485. — ^Mbasurbs op Weight. 



Milligramme 

Centigramme 

Decigramme 

Gramme 

Decagramme 

Hecatogramme 

Kilogramme 

Myriogramme 



English grains. 
.0154 
.1544 
1.5444 
15.4440 
154.4402 
I S44.40i3 
15444.0234 
154440.2344 



Avoirdupois* 



PuuD. Oun. 

3 

2 3 

22 I 



Dram. 
5.65 
8.5 
5 
2 
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TABLE OF THE SPECIFIC GRAVITY OP WATER, AT EVERY 
DEGREE OP TEMPERATURE, FROM 30° TO 80° FAIIR. 

486. The following Table is given by Mr. Gilpin, in 
the 84th volume of the Philosophical Transactions ^ and 
is of essential use for taking the specific gravities both 
of solids and fluids, by enabling the operator to reduce 
the weight or bulk of the distilled water, employed in 
any case, to that which it would have at any other com- 
mon temperature, and particularly to 60°, which is the 
usual standard. 

487. Thus, for example, since the specific gravity of 
water at 47° is 1 .0008, and at 60° is 1 .00000, and (con- 
sequently 10008 grains, at 47°, are equal in bulk to 
10000 grains at 60°,) it follows that it would require 
252.708 grams, at 47°, to equal the space of a cubic 
inch ; for 10000 : 10008 :: 252.506, (the weight of a 
cubic inch at 60°,) : 252.708. 

488. The remarkable anomaly of the specific gravity 
of water decreasing through all the degrees of tempera- 
ture below 40°, or thereabouts, that it remains uncon- 
gealed, has been noticed under the article Heat (60) ; 
but the difference for one or two degrees above or 
below 40° is so trifling, that it has hardly yet beeu 
ascertained with perfect accuracy. 
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489. TABLE OF THE SPECIFIC GRAVITY OF WATER. 

AT EVERT DEGREE OF TEMPERATURE, FROM 30^ TO 80^ FAHR. 



Pahr. 

31 
32 
33 

34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 



Specific Gr. 


Fahr. 


specific Gr. 


1.00074 


se"" . 


. 1.00031 


1.00078 


, 57 . , 


. 1.00024 


1.00082 


58 . 


. 1.00016 


1.00085 


59 . 


. 1.00008 


1.00088 


60 . 


. I.OOOOO 


1 .00090 


61 . 


. 0.99991 


1.00092 


62 . 


. 0.99981 


1.00093 


63 . 


. 0.99971 


1.00094 


64 . 


. 0.99961 


1.00094 


65 . 


. 0.99950 


1.00094 


66 . 


. 0.99939 


1.00093 


67 . 


. 0.99928 


1.00092 


68 . 


. 0.99917 


1.00090 


69 . 


. 0.99906 


1.00088 


70 . 


. 0.99894 


1.00086 


71 . 


. 0.99882 


1.00083 


72 . 


. 0.99869 


1 n0080 


73 . 


. 0.99856 


1.00076 


74 . 


. 0.99843 


1.00072 


75 . 


. 0.99830 


1.00068 


76 . 


. 0.99816 


1.00063 


77 . 


. 0.99802 


1.00057 


78 . 


. 0.99788 


1.00051 


79 . 


. 0.99774 


1.00045 


80 • 


. 0.99759 


1.00038 







TABULAR VIEW OF SPECIFIC GRAVITIES, REPRESENTATIVE 

OR EQUIVALENT NUMBERS, ^C 

490. The following Table shows, at one view, the 
specific gravities of the simple substances described in 
this volume, and of their mutual combinations ; it also 
exhibits their equivalent numbers, and the proportions in 
which they combine. 
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